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PREFACE. 



The following researches were began in the Laboratory 
of the University of GOttingen at ibe snggeBtion and under 
fbe direction of Professor WOhler, to whom I here ex- 
press my heartfelt tliaukb tor the great kindness and un- 
remitting attention conferred upon me during my resi- 
dence in Gdttingen. The investigations were completed 
in the University Laboratory at Berlin under Professor 
Hofmann, to wtiom 1 alao acknowledge my indebtedness. 

My sincere thanks are due to Drs. R. Fittig and 
€. A. Martins the gentlemenly and able assistants in 
the rebpoi'tive Lubuiuturies, for their kind ussistancu m 
this work. 

Berlin. January 28tb 1866. 
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NOTE 



Witfaiii a very few years the attontion of ebenuBts has 

been directed to the quantivalence (or atomicity) ot the 
eleoientfi, which has given rise to new theoretical specu- 
kttoDS respecting the constitution of chemical bodies. So 
new are these theories however, that not a few elements 
remain to which they are still to be applied. Thus it 
happens that no chemist who has studied uranium and its 
compounds, and none of the literature whether in textbooks, 
monographs or dictionaries, treats this subject in the light 
ot tliese modern theories. 

In this dissertation therefore the formulae being new, 
and these necessitating the employment of new names, 
I have added the old names throughout and occasionally 
the old formulae; giving to the latter however a subordi* 
Bate place corresponding to their importance. . 

Our present knowledge of the uranium compounds is 
too iuuited to allow us to establisli with any degree of 
certainty the quantivalence of this metal; bat the facts 
warrant the doubling of the old atomic weight as given 
by P^ligot, and it is taken in the following pages as 
eqaai to (2x60=) 120. Should a compound of uranium 
be hereafter discovered which is sufhciently volatile to 
admit of determining its vapor-density, and this is by no 
means inipiolnibie, then the true quant ivalence of the ele- 
ment can be hrmly established. 



INTRODUCTION. 



In the year 1789, Kla})ioth^ discovered in pitch- 
bknde a peculiar metallic oxide to which he ga?e the 
name vaniiiiD. Ricbtar,* Bacholz,* Leeana^ and 
Braade* were among the first le examine this element 
more closely. In 1823 the literature on uranium was greatly 
earicbed bjr ibe labors of fierzelius^ and Arffedson,' 
ibe latter estimating its equivalent which he found eqoal 
to 2711 (0 = 100). The non-metallic nature of this metal 
(if the expression may be allowed), its higii atomic weight 
and other discrepancies gave rise to doubts, but it was 
not until 1840 when P^ligot* made known his remark- 
able discovery that the doubts were cuiilirDiud and the 
discrepancies explained. Peligot found that the sub- 
stance till then considered as metallic uranium was in 

m 

reaMty an oxide of the true metal and he sbowed how 

the latter might be obtained. 
Since this date uranium has been a more frequent sub- 

' Beitxige sar di«iiuseli«n Keootout der liintnl-KSiper, YoK H, 
p. 197. 

* Neae Qesenatinde der Gbeinie, ToL I, p. 1. Vol. IX, p. 86* 

* GehlftD, naaat allgeiiMiiitt Joan. d. Ch«m., Vol. IV, pp. 17 ot 1S4. 

* 8ehii«lgg«f 8 Jonro. t Ohem. n. Pbys^ VoL XLIV, p. 36. 

* 8ehii«iggii^i Joarn. f. Cbom. a. Pbjt , VoL XL1V» p. I. 

* Pofgsad. Anaal., Vol. I, p. 369. 
' Pogguid. AdhbI., Vol 1^ p. M6. 

* Aanal. do cfaim. ol do pbya., HI, Vol. V, p. 6. 
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ject of research. Rammelsberg, ^ Ebelmen,' Wert- 
heim,^ Kahn,^ Patera,^ Drenkmann* and others 
have pablisbed their iBvestigationB, more or less extentiye, 

on this subject. 

it is not my object in this dissertation to give a more 
complete history of the element uraniom, maeb less to 
enumerate its varions salts, but I will briefly notice its 
most important compounds with the halogens which stand 
in close analogy to the fluorine compounds herein dis- 
cassed. Before entering npon a description of these salts, 
it will not be ont of place to detail the method employed 
for procuring the nitrate oi uranium which forms the 
starting point in their preparation. 



> Poggend. Anna!., Vols LV, LVI et LIX. 

« Annal. d, Chem. u. Pharm , Vol. XLIII, p. 286. 

* Journ. f. prakt. Chemie, Vol. XXIX, p. 209. 

* Annul, d. Cheui. u. Pharm., Vol. XLI, p. 337. 

* Journ. f. prakt. Chemie, Vol. LXl. p. 397; Chem. Centralbl. 186G etc, 

* Zeitjchr. f. d. gesammten Naturw., Vol. XVII, p. JahreBber. 
im, p. 265. 
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EXTRACTION OP URANIUM FROM 

PITCHBLENDE. 

The only mineral which occurs in sufiieient abundance 
to be employed as a source of nraninm is the well known 
pitchblende (uranpecberz). 1 received throui'li the kindness 
of Prof. Wohler a quantity of pitchblende from Joachims- 
thal in Bohemia. It was of a brownish black color with 
a dnll metallle lustre and remarkably free from gangue. 
The finely pulverized mineral was digested in a porcelain 
vessel with concentrated sulphuric and nitric acids until 
the greater portion was dlssohed; the excess of sulphuric 
acid was then expelled by heat. 

The mass was treated with water and the filtrate from 
the white residue was heated and saturated with Bulphu*> 
retted hydrogen. After standing twenty four hours it was 
filtered, the iron and uranium in yolution were oxidized 
with chlorate of potassium and hydrochloric acid while 
boiling, and then thrown down by an excess of ammonia. 
This mixed precipitate was well washed and digested with 
a strong hot solution 1 eurbonate of ammonium until the 
precipitate assumed the appearance of oxide of iron. The 
hot solution of uranium was then quickly filtered and yellow 
crystals of the double salt carbonate of uranium and ammo- 
nium (¥9)2 GO3 + 2 (NH^)^ CO, deposited on cooling. 
The mother liquid united to the wash -water (which was 
coUeeted separately) yielded by boiling a precipitate of 
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liydrated oxide of uranium, UjOjH^O. By calcining 
these two salts and dissohiug the green oxide formed in 
nitric aeid , large crystals of nitrate of nranittm {W) NO, 
were obtained which were pnrilied by reerystallization.* 

Advantage was taken of the comparatively large scale 
of operations to submit the several residues to a careful 
qoalitattTe analysis and with the following results. The 
iirst white insoluble portion was found to consist chiefly 
of sulphate of lead, with small quantities oi bismuth and 
lime. The precipitate by sulphnretted hydrogen contained 
arsenic, copper, bismuth, a trace of selenium and a not in- 
considerable quantity of silver. Whether tlie latter formed 
a constituent of the pitchblende, or whether its presence 
should be attributed to the fact that the mineral came 
from the neighborhood of silver mines , I could not deter- 
mine. The filtrate Irom the mixed principitate of iron 
and uranium contained manganese and magnesia. On trea- 
ting the green oxide with nitric acid, it was not comple- 
tely dissolved. The yellowish residue was melted with 
carbonate of sodium , dissolved in hot water, and after 
iltering from the nranate of sodium which formed, the 
solution gave with chloride of ammonium the reaction 
characteristic of vanadiuiJi. 

To recapitulate: the pitchblende from J oachimstbal con- 
tained arsenic, selenium, lead, copper, bismuth, silYer, 
uranium, iron, manganese, a trace of yanadium, magnesia- 
lime and silicic acid. 



* 'Wdhlti'a .Ifiiittnl Aoaljse is B«iapittl«ii* p. 1(6 et Mq. 
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1. UHANIUM Am> OHLORU^. 

BicSHLuRij>E OF URANIUM, UClj, (protochloride of ura- 
nimn, DCi) discovered byP^ligot fonns tibe material for 
the preparation of the metal. It is prepared bj heating 
a mixture of the protoxide or of the green oxide with char- 
eoal in a tube tbrough which a current of dry chlorine is 
patting. It is a dark green volatile body erystallizing in 
octahedra and exceedingly deliqnescent in a moist atmo- 
sphere. Its solutjuu is decomposed by evaporation with 
disengagement of hydrochloric acid. When heated with 
sodinm or potassinm it yields metallic nraninm in small 
globales ; bat notwithstanding the violence of the reaction 
the heat develo])ed is not butHcient to fuse the metal, and 
it can be obtained only in very small qnantities. 

A SUBCHLOIIIDB has been obtained by heating the bichlo- 
ride ill a t iinent of hydrogen, which accordiug to Kam- 
m els berg has the formula UgCl, UCl but according to 
Pdligot U,C1, 2 UCl. It dissolves in water with a purple 
color, bnt quickly decoiiii)oseB with disengagement of hy- 
drogen and precipitation of a reddish powder, the hydrate 
of the protoxide; the solution at the same time taming 
green. 

OxiCHLORiDE OF URANIUM, (UO)Cl, (oUl notation 2U2O3, 
UyCli) may be obtained by heating the protoxide, UO, 
in a current of dry chlorine; as thus prepared it is a 
^stalltne, fhsible, slightly volatile body, solnble in water, 
alcohol and ether. Crystals of the same may be procured 
by evaporating the yellow solution obtained by dissolving 
the sesqnioxide of nraninm U^^^ hydrochloric acid. 
When heated with potassium this salt yields chloride of 
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potassium and protoxide of uranium. This compound 
forms a series of doable salts with the chlorides of the 
alkaline metals, as follows: 

OxiCBOiOKIDB OF URAinUM Ain> GHLOBIDB OF POTASSIUM, 

(i;0)Cl -}- KCl + H^O (old nutation, 0, CI, KCl-}-2 aq.) 

This salt is prepared by dissolving urauate of potassium 
in hydrochloric acid and crystallizing the solution over 
sulphuric acid. The beautiful large greenish yellow rhom- 
bic plates form best in an acid solution and do not admit 
of recrystallization. When iieated in a closed tube, it 
melts, parts with its water of crystallization and under- 
goes paitial decomposition. If heated in a current of hy- 
drogen it is decomposed with evolution of hydrochloric 
acid and leaves a greenish opaque residue. 

OXIGHLORIDB OF URAKIUM AND CHLORIDB OF SODIUM^ 

as well as the corresponding salt of ammonium , have been 
prepared, but crystallize with great difhculty being deli* 
quescent. 

U. UKAi^IUM AND BKOMINE. 

fiiBBOMiDB OF VRANiUM , UBrg (Protobromido of uranium 
UBr) was first prepared by Hermann.* It is obtained 
by heating protoxide of uranium in a current of dry bro- 
mine gas, and constitntes a brownish crystalline mass 
which emits fumes in the air and deliquesces. 

IIydkatei) niBROMiDE OF URANIUM, UBr^ + 4 O (Hy- 
drated protobromide of uranium, U Br4-4HO). Rammels- 
berg obtained this salt by dissolving the hydrate of the 



* loang. DisMrUt Qoiliogen 1861. 
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protoxide in hydrobromic acid and evapoiating the green 
solutioD in a desiccator. 

OXIBBOMIDB OF URANTOMy (¥0)Br (old DOtatiOB, 211,0, 

Ug6r3) has been prepared by dissoWing the bydrated 
sesquioxide in hydrobromic acid. It crystallizes in yellow 
deliquescent needles. Whether crystallized double salts 
can be obtained with the bromides of the alkaline metals 
has not been examined. 

in. UBAimJM' AND IODINE. 

The only compound of nraninra and iodine as yet pre- 
pared is a BX-iODiDB Uli (protoiodide U 1,) containing water 
and obtained by Rammelsberg in treating the hydrated 

protoxide with hydriodic acid. Its jproperties have not 
been completely described. 

IV. miANIUM AND CYANOGEN. 

No compound of uranium and cyanogen has. been yet 
procnred. 

V. URANIUM AND FLUOJilNE. 
(HJSTOAIOAJU) 

The fluorine compounds of uriinium have been very little 
studied. The first notice of a compound of uranium and 
flnorine is made by Berzelins in his ^'Researches on 
Hydroflnoric Acid and its most remarkable Compounds* 
which appeared in the first volume of Poggendort s An- 
nalen in 1824.* He briefly describes the oziflnoride of 

* ThB original reads: "UntersuchungeB fiber die Flassspathslnze and 
dtreD mexkwuxdigBteD VoibindiiDgen". 
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nnuiiiim as solnble in water and forming a yellow nneryst- 
attizable eolation. Later (1845) in hie ^Lebrbneh der 

Chemie" he repeats the facts before stated, gives the for- 
mula U^Flj -}- ^UgO, and adds that the solution yields 
with the flaorides of the alkaline metals yellow crystal- 
lizable doable salts. Berzelins also deseribes the siHeo- 
fluoride of urauium as a bluish green precipitate and men- 
tions further that the ^protoflaoride"(biflaoride) is unknown. 

No chemist appears to have more closely examined these 
compounds until 1861 when Hans Hermann published his 
dissertation "On some Compounds of Uranium", in which 
he examined the action of hydroflaoric acid on the proto- 
sesqaioxide of oraninm and describes the ^ protoflnoride" 
(bifltioritle) as a '^.st5i|uiliuuritie" having the forruula 1'., Fl.. 

Ue gives the method of preparation and of analysis (though 
unfortanately no fignres) and adds that this ^sesqniilaoride'' 
contains water which is only expelled by a temperature of 
200^ C. I trust however it will be satisfactorily demon- 
strated in the following pages that the substance in ques- 
tion is an anhydrons bifluoride. 



Digitized by Google 



15 



BIFLLORIDE OF URANH M. UFl, 

(PiU)TOFLUOBID£ OF UAANIUU. UFl.) 

Preparation 1. Hydrotlnoric acid in solution acts upon 
the green oxide of uranium mtk couaiderabie vigor, caus- 
ing an appreelable elevation of temperature; a yellow so- 
lution is formed togrether with an insoluble green powder 
which latter is tiie object of our immediate attention. If 
the acid employed be somewhat concentrated, the yellow 
solntion is sirupy and admits of filtration, bat it is nearly 
impossible to wash the precipitate upon the filter loi it 
possesses the property of passing tlirough the pores of the 
paper even if donble or fourfold filters are employed. 
Long continued boiling of the solntion with the precipitate 
does not prevent its persistently ruuuing through the filter. 
By operating upon comparatively large quantities, suffi- 
cient of the biflaoride was coUected fSr eiaminallon and 
analysis; bnt it was far from being pure, and hence the 
figures given in the analyses of the salt as thus prepared 
are inaccurate. 

PnoPERTiBS. The bluish green powder is insoluble in 
water and scarcely attacked by dilute acids; even couceu- 
trated nitric acid dissolves it but slowly. When boiled with 
a solntion of caostiic soda, it is decomposed and insolable 
black protoxide of uranium is formed which is dehydrated 
by continued heating. The solution oont^iins iliioride of 
sodium. If heated strongly on platinum foil it is decom- 
posed with loss of fiuorine and formation of the green 
oxide, without melting. When heated in a closed tube 
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it is found to contaiu no water. The green powder being 
in an exceedingly fine state of divisioo is hygroscopic. 

Analysis. The salt having been dried at 100 ^ C. a 
weighed quantity was dissolved by the aid of heat in con- 
centrated nitric acid. The solution was diluted, the ura- 
ninm precipitated with a slight excess of ammonia and 
this precipitate was washed partly by decantaiion partly 
on the filter witli a dilute solution of chloride of aramo- 
nium. The urauate of ammonium was dried and ignited 
(with the filter) in a platinnm cradble and weighed as 

I. 0.8553grm. substance gaveOJSfJS grm. Uj04=73.1% U 

II. 1.1S45 n » » 1<0310 » » =73.S«^ 

III. 0.8270 n n y» 0.7197 „ „ «73.8^U 
0.8270 „ „• „ 0.3820 „ OaFl, - 22.5 »Fl 

The formula U^FIq requires 67.7% ^ 

» » (*J^)Flj „ 68.9 „ 9 

« „ »F1, + H,0 « 68.1 
but „ „ ^ UFl, » 75.9 „ „ and 

24.1 9 Fi. 

Therefore althongh the figares are far from satisiiaetory a 

glance shows the formula UFl, to be without donbt the 
true one. 

F^SEPARATiOK 11. Bifiuoride of oraniom may be obtained 
in a state of parity by reducing the oxtflnoride of nraninm 

by means of bichloride of tin. For this purpusc the yellow 
solution resulting from the action of by droll uoric acid on 
the green oxide of nraninm ^ is heated in a platinnm vessel 
with bichloride of tin as long as the green biflnoride falls. 
If hydrofluoric acid is added from time to time during the 
reduction, the whole of the nraninm is precipitated and 
the filtrate is colorless, containing only the pernialt of tin. 
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Instead of the solution of the ^xitluoride obtained as 
above mentioned, a solution of oranate of ammonitim (or 
even of the doable salt of carbonate of nranimn and ammo- 
niam) in hydrofluoric acid may be employed with equal 
advantage. The following equation shows the reaction 
which most probably takes place: 
2(eO)Fl+2HF14 2HCl+SnCl,=2(UFl,)+SnCl,+2H5^ 

As thus prepared the precipitate may be washed upon 
a filter without the least difhculty, and its behavior with 
reagents proyes its identity with the salt obtained by the 
preceding method. 

Ana^lysis. The uranium was estimated in this salt pre- 
cisely as in the previous analysis. The fluorine was deter- 
mined in a separate portion as follows: a weighed quan- 
tity of the salt dried at 100 C. was boiled with a strong 
solution of caustic potassa until the green color entirely 
disappeared) and the black protoxide of uraniam was col- 
lected on a filter and washed with boiling water. This 
precipitate was weighed but found to contain potassa. 

The filtrate was neatly neutralized with acetic acid and 
the flaorine thrown down by chloride of calcium. Car- 
bonate of potassinm in excess being present (the potassa 
having absorbed carbonic acid from the air, its ridiiitiou 
is supertluous) carbonate of calcium falls with the fluoride 
of calcium, which is absolutely necessary to prevent the 
latter passing through the filter. The mixed precipitate 
was dried and ignited with the filter. The carbonate of 
calcium was dissolved out with acetic acid, the excess of 
acid driven off by evaporating nearly to dryness on a water- 
bath, and the fluoride of calcium was then brought upon 
a filter and washed until the filtrate no longer gave a 
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precipitate with oxalia acid. The precipitate was again 
igoited aud weighed. The following are the results ob- 
tained. 

I. 0.7920 grm. substance gave 0.3910 6a Fl, « 24.0 ^ Fl 

II. 0.7778 grm. » „ 0.6936 U3O, = 75.5 „ U 
III. 0.7200 gnn. « » 0.64?4 = 76.4 „ U 

The fonniila Ul^l^ reqaires the following percentage: 

CalcoUtttd. Found. 

L II. III. 
U «120. 75.9 .... 75.5 76.4 

Fl, g 38. 24.1 24.0 

158. 100.6 

Preparation 111. Hydi t)lluoric acid acts upon the prot- 
oxide o£ uranium very slowly and yields biflnoride of ursr 
ninni.* As thns prepared it has the property of passing 
through filtering paper. No analyses of it was made. 

Preparation IV. Hydrotiuoric acid couverts freshly pre- 
cipitated bydrated protoxide of uraninm into the biflnonde 
immediately. The green precipitate formed also possesses 
the property of passing through filters. 1 did not consider 
an analysis of this necessary. 

VuBFARATtov V. flydrofluoric acid produces in a soln- 
tion of the bichloride of uranium UCl^ a green gelatinous 
precipitate which is so voluminous that a moderately con- 
centrated solution of tbe uranium salt solidiiies. On adding 
water and agitating the precipitate it settles; and wben 
washed by decantation or upon the filter retains its gela- 
tinous torn}. By drying this precipitate however over sul- 

* llnus lleriuaiiii, in bis dissertation already referred to, iiientiuiis 
this reactioQ but maint&iDs tbe formation of a ' seaquifiuoriiid which 
is impoMible, 
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phnric acid in vacuo or at 100*' C. it diminislics i^rcatly 
in Tohme and yields a greenish powder a shade lighter 
than when prepared by any of the previous methods. Two 
csLimations of the uruniiim made in the mauucr already 
described gave the following results. 

1.0308 grm. of the salt dried at 100<» C. gave 0.8725 grm. 
of the proto-sesqnioxide, which is eqnal to 71.8 per oenti^; 
and 0.446U grm. of the same gave 0.3795 grm. of the 
green oxide or 72.1 per cent 

The fonnnla GFl^ requires 75.9 per cent nraninm but 
the formula 2(UFl2) + HjO requires 71.8 per cent ura- 
nium, and it would appear that this is a hydrate which 
only imperfectly loses its water at 100^ C. 

The water estimations made gave however no satisfac- 
tory results, and the further examiuatiuu of this salt was 
abandoned. 

A S1JBVLU0BIDB (?) was Obtained by heating the biiiu- 
oride in a current of dry hydrogen. Hydrofluoric acid 

was given off and a reddish brown powder formed on 
the surface; by pulverizing the aggregated mass, heating 
again in hydrogen and repeating the operation several 
limes, the greater portion assumed a reddish color. 

This substance is quite ius()lul)le in water and scarcely 
attacked by acids, concentrated nitric acid excepted. It 
was not further examined but probably corresponds in com- 
position to the mbchloride obtained under similar conditions. 
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OXIFLUORIDE OF URAmUM. 

(U9) Fl. 

(Old notation, D,F1,+2U,03). Hydroflaoric acid only 

partially dissolves the green oxide of uranium ; the s:reen 
bifluoride reinaioing iusoluble may bo collected on a tiltcr 
though as before mentioned the latter cannot be washed 
out. The yellow solution shows the same reactions as that 
which Berzelius* obtained by dissoiviiig bydrated sesqui- 
oxide of uranium in hydrofluoric acid and is evidently 
identical .with it. Accepting the composition of this body 
given by Berzelius, viz, (UO)Fl its formation is expressed 
in the following equaiiou: 

W O, + 4 HFl = ^ Fl, + 2 [(W) FIJ + 2H, O 
No analysis of this salt was made but a few of its pro- 
perties were examined. The yellow solution is un- 
crystallizable , and on evaporatiuu yields a nearly white 
mass which dissolves again in water without decompose 
ing. It is also soluble in alcohol, and on evaporating 
this solution it furnishes a yellow, transparent, amorj)li- 
ous mass which is very deliquescent This salt re- 
tains water when dried at 100^ C, If heated in a closed 
tube it is only partially decomposed, the residue being 
somewhat soluble in liydiochloric acid. When heated on 
platinum foil, it loses fluorine and the green oxide of ura- 
nium remains. Finally, when the solution of the salt is 
heated with tin and hydrochloric acid, the green bifiuoride 
of uranium is precipitated as already mentioned. 

* Poggtnd. Ann. Yol. I, p. 34. 
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OXIFLUORIDE OF URANIUM 

AND 

FLUOfiID£ OF POTASSIUM. 

2cl?0)Fl + 3KR 

Prepabation 1. Fluoride of potasfiium added to a so- 
lution of the nitrate of araninin produces a heavy crystal- 
line precipitate of a lemon yellow color. This precipitate 
being but spaiingly suhibie, may be washed upon a tilter 
with cold water to free it from an excess of fluoride of 
potassium and from the nitrate of potassium which forms; 
and being more al)iiudantly soluble iu hot water it may 
be ptirilied by dissolving in hot water and allowing the 
solution to crystallize 9 either from the hot concentrated 
solution or by evaporation of the cold solution over sul- 
piiuiic acid. 

In preparing this salt it is of advantage to use a slight 
excess of fluoride of potassium, * the salt being soluble in 
nitrate of uranium. According to the analysis made, the 

details of which are given below, this salt was found to 



* The Unoride of potassium employed mmt be firM from silico-flao- ■ 
ride of potasuom, hence the foilowing pieeantions obeened in ite pre- 

ptration. 

Solected crysitals of pure fluor spath (as frt-'^ hnw. Minrtz a« possible) 
were tiiioly inilrerired in an iron mortar and gently heated with con- 
centrated jsiilphuric aoid in a platinnm retort. The hydrolluoric aoii 
^Sin absorbed by di!>tiUed water coutaiiied in a platinum capsule and 
elker the deetillation ceased, the acid aolntioii was oentraliaed with 
pme eaxbonate of potatsiani. If notwithstaudiiig these preeantioni a 
amall ^aaatity of siUco-flnoride of potasainm fortu, it may be sepa^ 
ated by MMng through platiunin or gatta-peicha flunoli. 
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coiitam 2(eO)Fl + 8KFl; its formation may be therefore 
expressed Id tbe foUowing equation: 

5 (K Fl) + 2 ( tO) NOg - [ 2 (UO) Fl + 3 K Fl ] + J K NO 3 
Fbeparation 11. The oxiiiuoride of nr^ium and po- 
tassium may also be procured by dissolving freshly pre- 
cipitated nranate of potassiam in hydrofluoric acid, adding 
fluoride of potassium and erystallizmg. The necessity of 
adding fluoride of potassium is made evident by tbe fol- 
lovring equation showing the formation of the salt: 
K202(U,OJ-|-6HFl + 4KFl = 2[2(UO) Fl4-3KFl] + 3HjO 
Preparation III. The same salt may be procured by 
adding fluoride of potassium to a solution of the hydrated 
oxide of uranium in hydrofluoric acid, or to the oxiflu- 
oride of uranium as obtained by the action ol liydrotiuoric 
acid on tbe green oxide of uranium. These methods how- 
ever possess no advantages over the- foregoing. 

In the hope of preparing the salt in question in the dry 
way, 1 made the following^ experiment. A small quantity 
of the double salt sulphate of uranium and potassium was 
prepared by heating the nitrate of uranium with eoneen- 
trated sulphurio acid and neutraHziDg with potassa. This 
double fialt was iiucly pulverized, intimately mixed with 
fluoride of sodium and some previously dried sulphate of 
sodium (as a flux), the mixture introduced into a Hessian 
cnicible which was maintained at a red heat for more 
than an hour and then allowed to cool in the furnace. 
The result however was unsatisfactory; tiie greater part 
of the sulphate of uranium and potassium remained un- 
changed , with the exception of the formation of a small 
amount of uranate of sodium near the surface of the mel- 
ted mass. 
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Pbopbbtibb. The oxiflaoride of araninm and potassiam 
cryatalfizes in small yellow plates. 1 obtained crys'talsgroaped 

in three different \va\ 6: jirf^t j by the cooling of a hot concen- 
trated solution, u crust of minute crystals formed upon which 
rested larger individual prisms; secondly ^ by the tpontaneotu 
evaporation of a cold solution well defined twin crystals formed, 
easily distinguishable \villiuui u magnifying glaiss though not 
more than two millemeters in diameter; thirdlif^ 1 acci den- 
tally obtained a nnmber of warty concretions consisting of 
ooMentric rings of small crystals and completely spherical. 
They formed at a low temperature. The crystals thus ob- 
tained are small but often well formed and possess a high 
lastre bat not the brilliant Jluoretemee pecnliar to the cor- 
responding oxichloride. Containing no chemically com- 
bined water they do not effloresce. 

1 am indebted to Prof. Victor von Lang, who had 
the kindness to measnre crystals of this salt, for the fol- 
lowing data. 

Crystalline system: Monoclinic. 

a:b:c»l.a75:l:d.477 * 
aea=99<>40' 

Observed forms - (OOlj, (110), (101). Fig. i. 

Calculated Obsened 

001.101 » 77*^0' 77^0' 
001.110« 82*14' 82*^14' 
110.110-= 72^50' 72 50' 
110*10i = 56°47' 58° 
The crystals as seen in fig. 1 are plates, the phines (001) 
predominating. 

The twin crystals of the same salt furnished the foliowmg. 
Crystalline system: Tetragonal. 

a :c» 1:2.0615 
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Observed forms: (101), (104), (001). 
Galciiktod Observed 
101.001 =64*20' 64*'20' 
101.101 = 51^20' 51 20' 
104.001 = 27^29' 
101*104 » 36'' 5r 36'' 50' 
101.011 = 79nr 78*»30' 
102-001 = 46" 8' 
The crystals arc pcnetratiou twins formed on a plane 
(102), both individaals eqnally developped. The planes 
(104), (001) oecar rarely. Optical character negative. 

When heated in a closed tube, the salt mdtM^ forming 
a red liquid which solidiiies and resumes its yellow color 
on cooling; it undergoes partial decomposition. If heated 
on platinum foil with free access of air it melts as before 
and loses its fluorine, an intu^siblc mass remaining which 
has a deep crimson color while hot and turns orange- 
yellow on cooling. This yellow residue on examination 

proved to be uranate of potassium. 

The salt does not decompose in boiling water; it is of 
neutral composition, but shares the property of other neu- 
tral araninm salts of reddening slightly blue litmus. The 
salt in solution does not attack glass even when concen- 
trated and boiling; hence glass vessels may be employed 
in examining the salt though platinum ones are necessary 
in its preparation. The salt'Js insoluble in alcohol and 
ether, the former precipitating it finely divided from the 
aqueous solution* An estimation of the solubility of the 
salt was made by evaporating a weighed amount of a con- 
centrated solution and after drying the residue at 100<* C 
weigliiug ilie crucible and contents a second time. 
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Thns, 8.6812 grms of the concentrated solution at 21« C 
yielded on evaporation 0.i>6a;> grm. of the salt. By calcul- 
atioii, therefore, 100 parts of water at 21^ C dissolve 
12.5 parte of the salt 

The salt is decoinijosed by melting with carbonate of 
sodium, forming urauate and Huoride of sodium. The 
action of reagents on the solution of the salt is as follows: 
ammonia prodnces the osnal precipitate of nranate of am- 

moiiiiini; the carbonates of sodiuui and aiiiinuniuhi do uot 
decompose the salt on boiling: chloride of barium gives 
even in dilate solotions a voiuminoas white precipitate which 
settles in the form of a crystalline powder; this change 
is accelerated by heating: auiate of lead gives an orange 
yellow precipitate very soluble in dilute acids, the hltrate 
still contains nraninm; chloride of calcium gives a white 
transparent precipitate from which it is impossible to filter; 
solutions of aUver^ copper^ iron, mercury, platinum and 
zinc are without action; oaaUc or formic acida and the 
direct rays of the eun produce a green precipitate.* 

By heating the salt in a current of hyelrogen gas, hydro- 
fluoric acid is disengaged and the greenibh residue con- 
sists of a mixture of bifluoride of uranium, protojside of 
uranium and fluoride of potassium. This experiment de- 
monstrates iDOist clearly the presence of oxygen. 

QuANTiTATrvE AsALYSK. (a) I'hc crystsUized salt hav- 
ing been dried over sulphuric acid, a weighed portion 
was heated in a platinum crucible with concentrated sul- 
phuric acid and wheu the iluoriiie was completely expelled 
the excess of acid evaporated. The temperature was gra- 



* See page 3U. 



a' 
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dually raised until the crucible was at a low red heat, its 
contents melting without projections. After dissohing out 
Ihe contents of the emcible, ammonia was added to throw 
down the luiiuiuui and this precipitate ueutetl as usual. 
Since uranate of ammonium precipitated in presence of 
Ihe fixed alkalies has a tendency to combine with them, 
the green oxide of nraniam after having been weighed 
was dissolved in nitric acid and re precipitated by ammo- 
nia, wiisbed, ignited and weighed as before. The second 
weighing showed a loss of twelTe tenths of a milligramme 
(0.0012 grm.) which is too inconsiderable to affect the ana- 
lysis and is to be attributed to luaccuracy of manipulation 
rather than to the presence of potassa in the iirst precipitate. 

(b) The filtrate was evaporated to dryness in a pla« 
tinum dish on a water-bath, the residue gently calcined 
until all chloride and sulphate of ammonium were expelled 
and the remaining sulphate of potassium was dissolved in 
a few drops of water filtered into a platinnm crucible, 
again evapurated, ignited and weighed. Since it is ne- 
cessary to wash the uranatc of ammomuQi with a dilute 
solution of chloride of ammonium, the estimation of the 
potassium as just detailed is exceedingly tedious. 

(c) The determination ui the fluorine presented many 
difficulties. The precipitate of tiuoride of calcium obtained 
by adding chloride of calcium to the solution of the po- 
tassium salt is in an extremely fine state of division and 
runs through the filter notwithstanding every precaution. 
The estimation of the fiuorine as fluoride of lead was not 
deemed sofRciently accurate or available in this case, and 
the following method was pursued which though imperfect 
gave such results as warranted its use. A weighed quantity 
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of the salt was melted with three to four times its weight 
of carbonate of sodium in a platinum cradble; the melted 

mass after being cooled was treated with water which 
dissolved out the fluoride of sodium aud the excess of car- 
bonate of sodium leaving cr^tuMzed uranate of sodiom 
for the most part undissolved. The flnorine was then 
thrown down in the iiltcied solution by chloride of cal- 
cium and the mixed precipitate of carbonate and fluoride 
of caleiom treated eiactly as described in the analysis 
of biflnoride of nraninm. 

In the two estimations made the fluoride of calcium 
was colored yellow owcing to the partial solubility of ura* 
nate of sodinm in carbonate of sodium. 
Tbe results obtained are as follows: 
1. 0.9453 grm. substance gave 0.5542 grm.UaO^ ^4y.8 %IJ 
n n n 0.5040 « K^S04=23.9 „K 
U. 0.6316 n n n 0.2450 n €aKl, =18.9 „F1 
lU. 0.6810 „ „ „ 0.2680 „ i^aFl 2 =19.1 2„n 
These numbers correspond to the formula 2(¥0)F14-3KF 
follows: 

Otkolttad. Found. 

, - _ ^ I. 11. 111. 

= 240. 49.59 49.86 

= 32. b.62 .«•■ »•■. •«•. 

Flj = 05. 19.61 .... 18.90 19.12 

K, = 117. 24.18 U3.90 

484. 100.00 
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OXDXUORIDE OF URANIUM 

AND 

FLUORIDE OF SODIUM. 

2(CO)Fl+NaFl+4HjO. 

1. This salt thoagh more difficult to procure than the 
foregoing, crystallizes far better if one succeeds in em- 
ploying the proper proportions of its constituents. 

By evaporating a mixture of nitrate of urauium and 
fluoride of sodium in a desiccator, 1 obtained monoclinic 
prisms of considerable size and great beauty, but many 
trials subsequently made were unsuccessful in reproducing 
them. The analysis having given the above constitution 
of the double salt, its formation may be.expressed by the 
equation: 

2(UON08)-f 3NaFl = [2(m) Fl + NaFlJ + 2CNaN03) 
A solution of uranate of sodium in hydrofluoric acid 
when slowly eyaporated oyer sulphuric acid furnishes 
similar crystals, but neither in this case could I find the 
conditions requisite for their certain formation. This method 
should theoretically be more advantageous than the pre- 
vious one in which nitrate of sodium forms and interferes 
wiLli the crystulli/.ution but it did not prove as successful. 
The reaction is as follows: 

Na,0, 2(¥,^,)+6HFl = 2[2(W)Fl+NaFl]+3fliO 
Propbrtibs. This salt is by no means so stable as the 

corresponding potassium salt; it decomposes on attempt- 
ing to recrystallize it, or if its solution is heated^ fluoiide 
of sodium crystallizing out separately. 

Prof. Victor von Lang who also measured these crystals 
has furnished the following data. 
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Hg. 3. 



45^40' 

51° 20* 

98° 
G0° 




Crystalline system: monoclinic. 
a : b : c = 1.0272 ; 1 : 0.5222. ac IM 51' 
Observed forms: (100), (110), (ill), (132) 

Oalcttlatad Observed 

110.100 = 45^40' 
111.100 = 09^20' 

ni.iii = 5r20' 
iii.no =56ni' 

132.100 = 97°4r 

ia2.iio = 58°i9' 

The crystals are joxtaposition twins on 
the plane (100) and as seen in fig. 3 a j)|)ear 
as thin plates by the predoiinuaucc of the 
same plane. 

When heated in a closed tube, it gives off its water of 

crystallization, and on raising tiic temperatii! e melts, the 
residue consisting of uranate of sodium. In a dry atmos- 
phere it effloresces. Its properties in general resemble those 
of the i)otassiom salt, and the analysis was simply a repe* 
tilion ol lli;it described at length iu tlie i)rL'ce(ling section. 

Wheu the crystallized salt is heated at 100 ^ C. it loses 
two atoms of water 8.4 per cent. 
1. 1.2230 grms. cryst. salt gave 0.8205 ^3 0^ = 56.9% U 
1.2230 „ „ „ 0.2340 Na,SO^ = 6.2% Na 

The formola 2(^0)Fl-f NaFi+4U,0 requires the fol- 
lowing percentage: 



GaleuUitecl. 

I^s » 240, 56.6 

= 32, 7.54 

FI3 = 57, 13.44 

Na 23, 5.42 

4H,0 =72^ 17.0 

424 100,00 



Found. 
56.9 



6.2 



* • • 



Digitized by Google 



30 

11. On endeaToring to reorystallize ibis salt it partially 
decomposes, and other smaller crystals form containing 

two atoms less of water. This salt is not efflorescent 

The analysis gave the following results: 
i. L0755 grms. crysi salt gaTeO.7765 gnn. ^^O^ = %LHV»U 
n. 0.8699 n r> n 0.2730 grm. GaF!,=:r 16. 1V»F1 
These figures con espoud to the ioiuiula 2(^0)Fl-f NaU 
as follows: 

Gikalatttd. Fonn4. 
t;, = 240, 61.85 61.3 
O, « 32, 8.24 
FI5 = 57, 14.69 15.1 
Na = 23, 5.92 
2H,0 ^ 36, _9.30 
388, 100.00 



OXU LUORIDE i)E UHANIUM 

AND 

FLUORroE OF AMMONIUM. 

2 (m) ¥i+m^ F1+ xH,0 (?) 

By dissolving uranate of ammonium in hyfirofluoric acid 
and evaporating the solution over sulphuric acid, but few 
distinct crystals were obtained. On account of tbe diffi- 
cnlty of preparing this salt in a pure state no qnantitatiye 
analysis of it was made, but only a few of its properties 
examined. 

This yellowisb imperfectly erystailized mass is Tory sol- 
uble in water, less soluble in a solution of hydrofluoric 
acid and quite insoluble in alcohol. ^V hen heated on plati- 
num foil it is completely decomposed the green oxide 
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remaining. When heated in a dosed tube, water is at 

first given off, tluoride of aTnmonium sublimes and con- 
denses on the sides of the tube. The residue in this case 
is also the proto-sesqnioxide of araniam. 

This salt has most probably a composition corresponding 
to the foregoing salts of })ota^^iuui aiui .sotlimu, wliich 
may be expressed in general terms as follows: x(yO)Fl 
-l-yRFl-l-zHsO. <'R'' being the alkali metal 

OXIFLUORIDE OF URANIUM 

AND 

FLUOIUDE OF BAfilUM. 

4 (CO) Fl + 3BaFl, + 2 H,0 

pRBPARATiOK. The addition of chloride of bariam to 
a eolation of the oxiflnoride of nraninm and potassium 

produces a voliimiiions lemon yellow precipitate which 
gradually settles in the form of a crystalline powder. This 
precipitate being quite insoluble in cold water may be 
washed on the filter mitil free from chloride of barium 
and when dried at 100^ C. forms a yellowish white powder 
which under a powerful microscope resolves into minute 
crystals, if, in preparing this salt, the oxiflnoride of ura- 
nium and potassium is not perfectly free from fluoride of 
* potatisium, the insoluble uranium salt will be mixed with 

« 

'fluoride of barium which being equally insoluble cannot be 
separated. 

PROPEiii ii Hot water dissolves only a trace of this 
aalt, but it is quite soluble in dilute acids. This acid 
solution yields a white precipitate of sulphate of bariam 
with sttlpbarie acid) and the filtrate a yellow precipitate 
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of nranate of amnioniura with ammonia. On beating the 

salt in a closed tube, water is disengaged, and at a higher 
temperature hydrofluoric acid. The salt does not melt 
during the decomposition. 

Analysis. The quantitative analysis was conducted as 
follows; a given quantity was dissolved in dilute hydro- 
chloric acid, and the solution being heated to boiling, the 
barium was thrown down with a slight excess of sul- 
phuric acid. The uranium was precipitated l)y ammo- 
nia and estimated as The fluorine was estimated 
in the filtrate in the same manner as in the analysis of 
the preceding salts. The salt dried at 100^ C. stOl retains 
water which was estimated according to a method proposed 
and employed by Berzelius and recommended ^ylL Rose.* 
A weighed quantity of the salt was introduced into a 
porcelain crucible and well mixed with four to five times 
its weight of previoubly calcined litharge. The crucible 
was weighed first empty then with the salt and then after 
the addition of the oxide of lead; the covered crucible 
was cautiously brought to a low red heat and after cool- 
ing in tlie desiccator was weighed again. The dirterence 
in weight before and after calcining is due to the water 
driven olf, the fluorine being retained by the lead. 

Result of the analyses: 

I. 0.7222 grm. substance gave 0.4 178 BaSO^^ 33.9 «/oBa 

« 0.3564»,O, -41.8 

II. 0.6427 „ « » 0.37208aSO4 =35.3 « Ba 

« n „ O.314OU3O, =41.1 „U 
^ n n » 0.2110€aFl, =i:>.9« Fl 
III. 0.5538 ^ „ » O.OI92H»0 »3.4„H^0 



* Chimie Analjtiqae. Vol. II, p. 768. 
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The fonDiila4(¥0)Fi-|-d&aFl,+2H9^ corresponds to 
the figures obti^ned as foDows: 









foaad. 








I. 


IL 


III. 


»4 = 480, 


40.6 


41.8 


41.1 


. . . * 


04 = 64, 


5.4 


. . • • 


• • • • 


. « . « 


Fljo = 190, 


16.1 


« • ■ • 


15.9 


• . • • 


Ba, = 411, 


34.8 


3B.9 


35.3 


. . . • 


2H,0 = 36, 


8.1 


• • » • 


. • a • 


3.4 


1181. 


100.0 









FLUORID£ OF UKANIUM AND POTASSIUM. 

2(»Fl2) + KFl. 

Fbspaiution. Formic acid produces no precipitate in 
the solation of the oxifiaoride of uranium and potassium, 
but if the acidified solution is placed in the direct rays 
of the sun decomposition begiujj almost imnieUiately ; a 
green precipitate graduaMy falls , and if the acUon is pro- 
longed, the solution becomes colorless and retains only 
a tiaco ol uraniuin. 

The precipitate washed apon a tilter and dried at ICH)^ C 
forms a green impalpable powder much resembling the bi- 
fluoride of uramum. This reaetion appears to be best 
effected in dilute solutions. 

Fbopbbtibs. This double fluoride is quite insoluble in 
wator and in dilnte acids. It dissolves with difficolty in 
concentrated boiling hydrochloric acid , but is more easily 
decomposed with concentrated sulphuric acid which ex- 
pels the fluorine and yields a green solution. Ammonia 
produces in this solution a black precipitate of hydrated 

s 
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protoxide of uranium and the filtrate on evaporation yields 
sulphate of potassium. 

When heated on platinum foil Lhe salt melts, hydrofluoric 
acid is disengaged and the yellow residue consists of ura- 
nate of potassium. This reaction distinguishes this doable 
salt in a marked manner from the bifluoride. When heated 
in a closed tube, i. c. without access of air, the decom- 
position is different. The salt melts and gives off hydro- 
fluoric acid as before, but the residue consists of black 
protoxide of uianium suspended in fused fluoride of po- 
tassium. If heated with a solution of caustic soda, it is 
decomposed with formation of the black protoxide, while 
the fluorine goes into solution. When heated in a current 
of dry hydros:en, it melts, hyUiotiuoric escapes and the 
same reddish powder is formed which was obtained by 
treating the bifluoride of araninm in a similar manner. 
On cooling the mass was found to be green within, the 
surface only having been attacked. No further exarainatiou 
of this was made. • 

ANALirsm. The analysis of this salt was made in ex> 
actly the same manner as that of the oxitluoiide, only 
remarking that the solution in sulphuric acid was oxidized 
with fuming nitric acid before throwing down the araninm 
with ammonia. The potassinm was estimated in the or- 
dinary way as sulphate. 

The following figures show the results of the analysis. 

0.7535 grm substance gave 0.56-10 grm ^^1,0^ — 63.4 ®/o U 
n !» It n 0.1852 « K,^0, = 11.0 « K 

The formula 2(UFl2) -f KFl requires the following per- 
centage: 
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Galentotod. 

Uj = 240. 6A.\ 
FI5 = 95. 25.5 
K = 39. 10.4 
374. 100.0 



Foond. 

63.4 

11.0 



QUANTITATIVE REDUCTION 
OF THE 

OXIFLUOKID£ OF URANIUM AND POTASSIUM. 

As already remarked the reducing action ot formic acid 
in the snnlight is very complete so that only a trace of 
nraniam remains in solution, and the resnlting salt being 
quite insoluble I conceived the idea of effecting the reac- 
tion ^[Hontitaiweljfi and as the Agures below indicate, suc- 
ceeded beyond expectatiOD. . 

The method of making this quantitative analifm by means 
of the sunlight needs no lengthy description. A quantity 
of the potassinm doable salt was dried at 100" 0, weighed, 
dissolved in water acidified with formic acid and the solution 
exposed to the direct rays of the sun dunug two (^ho^t 
winter) days. So long a time was necessary for although 
decomposition begins at once and is at first rapid it grad- 
oally decreases in intensity as the solution becomes weak. 
The green precipitate was collected on a filter previousiy 
dried at 100" C and weighed and after being washed with 
cold water, the filter and contents were dried at 100" C 
and weighed as before. Thus two weighings sufficed to 
gi?e data for calculating the formula of the salt and at 
the same time to confirm the formula adopted for the 
oxifiaoride. 
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1.0635 grm. oxitluoride gave 0.8205 grm. of the precipitate. 

^^Xltf' « »o •^""•'•-t - p^fpLte ^ ^^^^^^ 

1.0635 : 484 » 0.8205 : « 

= 373.6 

The formula 2(i;FL.) -[- K Fl has the equivalent = 374.0 
A second analysis was made in hke manner. 1.1530 grm. 
of the oxiiluoride gave 0.8783 grm. of the precipitate. In 
place of stating the proportion as above it may also be 
pat thus: 

Equiv. of eqaiv. of doubU weight of . . weight of 

oxiflaoride Baoride *• oiifaorid« " pndpitato 

484. : 374. = 1.1530 ; x 

X « 0.8888 grm. 

whereas the weight actually received = 0.8783 grm. 



KEDUCTTON OF TTTK OXIFLUOKIDE OF URANIUM 
AND POTASSIUM BY MEANS OF OXALIC ACID 

AND SUNLIGHT. 

Oxalic acid with the aid of sunlight decomposes the ozi- 

flnoride of uranium and potassium in much the same man- 
ner at) formic acid, but with the formation of secondary 
products. The gre^ insoluble fluoride of uramum and 
potassium falls as before, but after the decomposition has 

reuciiud a certain stage, a brownish red precipitate albO 
forms. 

Tills proved to be hydrated protoxide of nraaium, dis- 
covered by £belmen^ and obtained by him through the 



• Aonal. d. Ohm. n. Phaim. Vol. XLUl 
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action of the sun's rays on a solution of the oxalate of 
uraniam. This hydrate however being soluble in dilute 
acids is easUy separated from the quite iasolable fluoride. 

During the decomposition by oxa]ic aeid a considerable 
quantity of carbonic acid disengages; of course carbonic 
acid most be also set free when the decomposition is ef- 
fected with formic acid, but only half as much is theoret- 
ically formed and this is probably absorbed by the water 
for in no case did I observe its escape. The following 
equations giving the action of these two acids are prob- 
ably not absolutely correct but only approximatively so, 
since £ helm en oientions the formation of carbonic oxide 
as well as of carbonic acid. 

With oxalic acid: 

[ 2 Fl 4- 3 K Fl] + 3 (G 2 H J 0 , ) = [ 2 (U Fl a) + K Fl] 

With formic acid: 

[•2(lJO)n+3KFl]-h3(GH20,) = [2(UFl2) + Kn] 
-f--2(KGHO.)-|-2II,U-f-(02 

An experimeut made with the object of effecting the 
reduction at a high temperature without the aid of sun- 
light , was unsuccessful. A solution of the oxitinoride acid- 
ified with formic aeid was heated in a sealed tube at 
100<» 0. and afterwards at 120^ C. but without producing 
the least change. 

In a sealed tube which stood for several weeks iu dif- 
fuse daylight a small quantity of the green precipitate 
formed, the glass being at the same time somewhat at- 
tacked by the fluorine. On opening the tube carbonic 
acid gas escaped from the solution. 

The oxichloride of uranium and potassium corresponding 
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to the duorine salt and having the formula (4:^0)C1-|-KC1 
+2aq could not be reduced by means of formic or ozatic 
acids in the sunlight; nor by heating an acidified solution 
in a sealed tube at 120^ C. 



FLUORIDE OF URANIUM AND SODIUM. 

2(UFl3) + NaFl (?) 

When a solution of the oxifinoride of uranium and 80« 

diura is aciditicd with formic or oxalic acids and exposed 
to the direct rays of the sun, a redaction takes place in 
much the same manner as in the case of the potassium 
salt The properties too of the precipitate differ little from 
those of the corresponding putabsium compound, but it 
appears to be somewhat soluble in water since the solu* 
tion becomes green and not colorless after a lengthened 
exposure. Neither does it uiclt when heated on platinum 
foil but simply loses Huorine and leaves urauate oi so- 
dium characterized by its yellow color. 1 made no ana- 
lysis of this salt, but it probably possesses the composi- 
tion given in the above formula. 



As much as the application of P^ligot's uranyle theory 
simpliiies the formoiae of many conipouuds of uranium 
they become still more simple when combined with the 
modem double atomic weights and the unitary system of 
notation. TJie follow iug table of a few of the most im- 
portant salts of uranium gives in the lirst column the 
old names and formulae and in the second the new. 
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On comparing the chlorine with the fluorine compounds 

(the hroiijiiles and ioilHlos buing us yet too little studied) 
the most marked dift'erence is the greater ittability of the 
latter. While the bichloride of anininm is volatile, very 
soluble and even deliquescent, the corresponding flnoride 
is not in the least volatile and is 4uite insoluble in water. 

The doable salts of potassium too show the same dis- 
tinctive character. The chloride of uranyle and potassium 
is obtained witli greater difficulty and cannot be recrys- 
talUzed, while the fluorine salt forms easily and crystall- 
izes repeatedly fiDm its solutions. 

It is certainly remarkable that while the fluorine salt 
exhibits such a sensibility to the sun's rays (in presence 
of a reducing agent) the chlorine salt does not possess 
this in the smallest degree. Might not this doable fluorine 
salt be employed to estimate the power of the sun's ac- 
tinic rays? For as we liuve seen, the ^n-een precipitate 
which forms only iu the sunshine is so iusoluble as to 
admit of effecting the reaction quantitatively. 
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80 rapid are tho strides made by science in this 
progressive ago^ and so boundlesB is its range, tliat 
those who view its career from Trithout find great dif - 
flcnlty in following its ^rose and intricate pathways, 
while those who have secured a footing within the 
mysterious domain and are f roc to journey on the 
same road are often quite imuhlc to keep pace with 
its licet movements and woukl fain retire from tlie 
uivqtinl contest. It is not snrprisiiic^, then, th;vt those 
uctually contrilmtin^ to thi! advanciMnont of science, 
j)rc^>in'4 e;iLCfily upwanl and onward, should ncii^U'ct 
to Kx^k buck uiH)ii tlij lalibrs of those who precede 
them, and should y.om tini -s lose siuht of the o])lij^a- 
tions which science owes to forgotten genei'ations. 

(^'oukl the wisdom of the world concealed in the 
silent unwritten history of past ages be divulged 
by a miracle of rerelafion, how startling and inter- 
esting would be the wonderful disclosure I Imagina- 
tion fails to conceiye of the possible social and scien* 
tific status of the present era, had the named and the 
unnamed lost arts been preserved through all time, 
and had the ezperienoe of the human race been unin- 
terruptedly handed down to the existing generation. 

The legitimate feeling of exultation and satisfaction 
enjoyed by oriental scholars when years of painstaking 
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research amid tko musty records of tlio past arc at 
length rewarded bj a literary and hiatorical discovery 
of importance, seems to us comparable to the pleasur- 
able exdtemcnt experienced by the scientists whose 
inyestigations of nature are crowned by the ilctermi- 
nation of a new s|jecieH, or the establishment of :i new 
law. In this respect, the Egyptologist and the Natu- 
ralist, the student of ancient history and the student 
of modern clicniistry, have n common purposOi each in 
his own sphere seeking the truth. 

Original invest iL,Mti(»ns in the tirld of hi«?tory arc, 
however, voufhsalcd only to tlioso pnifound liuguisita 
whost^ erudition and skill in deciphering f*enii-ol>lit- 
crutcd cryptographs have l>een the fruit of alifetiinc's 
laborious study ; and these absorbed in thtir ^tudy of 
the ancient, too often neglect to compai'c the wisdom 
of early times with tlte progress of modem scientific 
truths, and ^1 to appreciate the points most valaable 
to the student of science. Hence the histoty of science 
yet remains to bo written. 

This suggestion may be met with references to the 
works of the savans who, espedslly In the preceding 
oe&tury, devoted much to the elaboration of bistcHrical 
treatises in their several departments of science ; but 
theee are few in numljer, and as we l>elieve merely 
slietch the outlines, the details of which will yet bo 
supplied by some mighty genius at once a linguist, an 
archaeologist and a scientist. 

Meanwhile, in default of the erudition which ahme 
allows of critical examination ol nionuintutal in-ncrij)- 
tions, papyri, and original manuscripts, the lnn)iltio 
seiuchur ulster knowkilgc must be content to study 
avidlablo translations, notes, and criticisms provided 
by oriental scholars, and to bring into prominence 
such materials as his imperfect powers can command. 

Bearing in mind the great obligations which the 
exact sciences owe to the Arabian philosophers of the 
middle ages, it is not suqirising timt such of their 
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works !i« ure made available by the translationfl ol 
lin^'uiHts, afford abundant and rich sources of infor- 
matiun to the student of tlie History of Scicnoo. Tho 
woik oamed at the beginning of this article forms a 
remarkable contribution to the early lustory of the . 
determination of specific gravities. This "Boole of 
the Balance of Wisdom is an Arabic treatise on the 
water- balance, written in the twelfth century, for an 
account of which tlie historian of science is indebted 
to the chevalier N. Khanikoff, sometime Russian Con- 
sul General at 'I'abriz, an important city of northern 
Persia. Mr. Khanikoff liavincf ol)taiiie(l ncoesp, in 
some manner not explained, to a nianiiseript eupy of 
the Arabie >Yoik, tiaiislati d into tlie French laiiLruage 
copious extracts, and prepared an analysis of its eon- 
tents: these data, tofjctlier with a transcript of tiic 
original Aral»ic version, he couuniuucattfd to the 
American (Oriental Society. The Society's Committee 
of Publication, in preiMiring tlio Russian Consurs work 
fur their Juurnal, translated his notes into English, re* 
transUted tho Arabic eitracts, and added tlieir own 
valuable comments. The completed article is found 
in tho sixth volume of the Journal of tlie American 
Oriental Society, pp. 1 to 128, published in 1859. 

The Book of the Balance of Wisdom treats exclu- 
sively of the balance and of the results attainable l»y 
tins instrument wbich has given to modem science so 
many beautiful diHCovcries. Its exposition of the 
principles of the centres of gravity, of researches into 
tlio specific gravity of metals, pn eious st(»n('H and 
liquids, shows these Orientals to have attained to ex- 
perimentation, a btep in the jjrogressive knowledge of 
physical truths entirely unknown to the ancients. Be- 
fore ottering such citations from this work as may 
seem ueeebsary to establish tijis i)ropo8itiou, we will 
endeavor to answer two questions which naturally 
suggest thenisc^lves to our readers. Wliat is the date 
of the original manuscript, and who was its Author! 
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most happily both rpicrlcs fidoiit of satisfactory replies, 

bnsrd on hitomal evidence. 

The ilctlication of the wmk proves it to linvo }w< n 
cotnposed at t!io cr.m\ of Iv S.'iljiilce Sultan Suiijar 
who iciiriicd over a large part of the aju iint Caliphato 
of Bagdad from a.d. 1117 to 1157. In this introduc- 
tion, the anther appi als to this potentate in the follow- 
ing fulsome expressions of homage churactcrisUc of the 
Orientals : 

''Most znagniticcut iSultan, the exalted SbaK of 
Shahs, the king of subject nations, tlie chief of the 
Sultans of t]i«> Nvorld, tiie Sultan of God's earth .... 
the shelter of IslaDiism antl cf 3Iiislirn«, tlin nrm of 
victoriou!* power .... Prince of BL-licvci-s — ^niaj 
God pci-])etuate his reign and doable his power! For 
his felicity is the illuminating sun of the World, anil 
his justioe its Tivifying breath.^' 

And immediately following this passage, ocean 
mention of the date: 

''I sought assistance from his beams of light iim- 

diutini!; all qnnrtrrs of the world, and was thereby 
j;ui(l< d to I lie ext<'nt of my power of accomplisjhnient 
ia tills work, and composed a Book on the Balance of 
Wisdom for his high treasury, dining the months of 
the year 515 of the 11* ^ira of our Elect Prophet Mo- 
hani!isi'd " uiuy tli*' '> m dictions of God rest upon him 
and hii luuiily, and may he have peace!" 

Tliis proves the treatise to have been written in the 
years 1121-1183 A.]>. At this iMsriod of the world^s 
history we find Arab philosophers cultivating lit«ra- 
tore and science, while the rest of Europe was Just 
emei'ging from intellectual darkness. The religioua 
world had scarce iccovercd from the intense excite- 
ment aroused by P^tcr the Hermit and his followers, 
who led the tumultuous rabble 600,000 strong towards 
the Holy City ; and priests, knights and peasants were 
j)reparing witli frantic zeal for a 8eC( nd Crusade. 
Abdlard and ti^lOise were names which afforded end- 
less discussions in the eloist<'r and on the hearth. 
Scicncft was at a low c>bb, a century elapsed l)efore 
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Alberiits Hagnns and Roger Bacon exerted their in- 
finence ; and scholastic philosophy, attaining its lof' 
tiest height, swayed the intellects of the age. 

The autliorship of the Book of the Balance of Wis- 
dom 18 eiiBily (letonnincd by tlic fortiinnte circumstance 
that the author ii;ini(_'S himself several t linos, '•but in 
so modest a munm r as scarcely to attract attention ; 
instead of heralding himself at once, in his lirst words, 
after the usual expressions of relij;ious faith, as Arab 
authoi-s are wont to do, he lx;gins his treatise by dis- 
coursing on the general idea of the balance " and then 
Nmply remarks : ^^Sayal-Khatini^ after speaJnng of the 
halanee 4n ffoneral,^ and proceeds to ennmerate the 
advantages of the balance which be is alwnt to des- 
crilie. Two cvther passages in the extracts fomished 
hy Mr. Khanilcoff satisfy the Oriental scholars who 
have examined them that the author is this self- 
named al-Kharani. 

Attempts to identify al-Kliazini with individuals 
of histoncal fame have given rise to diflferenccs of .) 
opinion, but tbe weight of evidence is in favor of re- 
garding hiiu as the same with Altaaaen tlie Arab opti- * 
cinn and physiologist. 

Alhazen seems to have Ixcn a native of Persia and 
to have resided in Siiaiu and Egyi)t, but of his biog- 
raphy little is known. He is especially distinguished 
for bis demonstration of the tlieory of vision, showing 
that the rays of light are rellected froni external ob- 
jects tu the eye and do not issue forth from the eye to 
impinge ou external things, as up to hia time had been 
taught 

This explanation, moreover, was not iMised on mere 
hypotberis» but was the result of anatomical investiga* ' 
tions as well as of matliematical discnsslona. 

^^t^itfim also explained the astronomical refraction 
of light, its dependence on the variiation of the density 
of the media traversed, and its influence in producing 
the phenomenon of twilight In tlie discusbion of all 




tlicsc problems he evinced true scientific greatness. He 
favored tlie tlieory of the progressive dcvelopnunt of 
nnimnl forms, anticipating a doctrine but newly obtain- 
ing acceptance. Dr. J. W. Diujx'r,* who has been our 
guide in this connection, says of Alhazen : Though 
more than seven centuries part him from our time?, the 
pliysiologists of this age may accept him as their com- 
peer." 

The name alKhazini signifies "related to the treas- 
urer,*' which accords with his statement that tlie work 
was com{)oscd for the royal treasury. 

The Book of the Balance of Wisdom licgins with a 
dedication to God "the compassionate, the merciful," 
and a pious statement of the author's religious faith. 
An introduction, divided into eight sections, then fol- 
lows; in the fii'st section, the advantages and uses of 
the Balance are enumerated in this language : 

" Tlieso advantages arc: 1, exactness in weighing; 
this balance shows variations to the extent of a mithkal,t 
or of a grain, although the entire weight is a thousand 
mithkals, provided the maker has a delicate hand, 
attends to the minute details of the mechanism, and 
understands it ; 2, that it distinguishes pure metal 
from its counterfeit, each being recognized by itself 
without any refining; 8, that it leads to a knowledge 
of the constituents of a metallic body without separ- 
ation one from another ; 4, that it shows 

the superiority in weight of one of two metals over 
the other in water, when their weight in air is the same, 
and reversely ; 5, that it makes the sub- 
stance of the thing weighed to be known by its weight 

; 6 ; 7, the gain aliove all 

others that it enables one to know what is a gen- 
uine precious stone, such as a hyacinth, or ruby, 
or emerald, or fine pearl ; for it truly discriminates 

• nut. InU DovoL Europe, page dCA. 

t Wo oinnut here unilertake to illHciim the ancient Arabic Rj'Riem of 
woighU, bat inrruly Rtntc that while anthoritiet^ differ, Mr. Khanikuff, 
after a careful examination and contpariaun of modem and ancient 
standards of weight in C^rgio, Daffhistan and eluewhercwboru Antbio 
ctutoms have HufTcrcil little change, oAsi^nH to themithkal the value uf 
4.5 Ki^inmcfl. The mithkal, atxx^rdinR to Abu-r-Ilaihan (quolo<l bolow) 
equnln ft (Innikfl ; 1 (lajiik'=4 tabtiuja ; 1 liUHiij — -1 gruiiiN; and 1 gruiu 
—4 barlci'-com& 
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between llicso ami their imitutiuiis or biiuiiiludcs in 
color, made to deceive.'' 

Then follows the theory of thcwutcr bnluuce; aiul iu 
the fourth section some account of its early history 
and thewell'known narratiTe of King Hiero*s crown. 

** It is said that the [Greek] pliUosophers were firat led 
to think of setting up this balance and moved thereto 
by the book of MeiiL'laus * adtlressod to Domitiun, in 
which lie says : 'O Kiug. there was brought one day 
tu Hiero, King of Sicily, a crown of great price, pi-e- 
•ested to him on the part of leveral provinces, ivhich- 
was strongly made and of solid workmanship. Now 
it oceiirn d to Hiero that this crown wns not of pure 
gold, but alloyed with some silver ; so he incj^ui red in- 
to the matter of the crown, and dearly made out that 
it was composed of gold and diver together. Ho 
therefore wislied to ascertain tlie pro[)ortion of each 
metal contained in it, while at the some time, he was 
averse to breaking the crown on accomit of its solid 
workuiaii^hip. So he questioned the geometrieians 
and meclianicians on the subject, but no one sufficient- 
ly skilled was found among them, except Archimedes 
the geometrician, one of the couitiers of Hiero. Ac- 
cordingly he devised a piece of mechanism which, l>y 
delicate contrivance, eTiabled him to inform King 
Hiero how much gold and how nuieh silver was in 
the crown, while yet it retained its form. This was 
before the time of Alexander. Afterwards Mendaus 
[himself] thought about the water-balance and brought 
out certain univcrwd arithmetical methods to 1>e applied 
to it ; and there exists a treatibc by him on the subject. 
It was then four bmidrod years after Alexander.** 

Al-Khadni takes pains in this sketch of the early 
hiftoiy of specific gravity, to establish dates by ref- 
eranoe to ootemporaaeoui individoals, but his duo- 
Bology is evidently at fault. The Hiero alluded to ia ' 
roero n., who died 216 B.a, while Alexander the 
Oreat lived more than a century earlier (356 &a — 

This Arabic vernon of the anecdote of Hioro's 



• A cvlcbratcil iiiatli. m it :ri;Aii who IIvmI in the r- itni of TW^ImI, W 
117 A.o., Mid author ol « tr««Uiiv un tipherival U«oiueU-jr. 
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crown laclii the piquancy luul interest of the narrative 
as originally given by Vitruvius, and i» moreover not 
an accurate transcription; tfao wordfl " devised a piece 
of mecbanitni** convey tbe impreBsion that Aichimo* 
dea oooatructed aome peculiar form of apparatus with 
'which to solve the problem. Indeed this story, famil- 
iar as it is, is not unfrequently erroneously related, 
even as al-Kbasini himielf has done, and compilers of 
text-books of natural philosophy, content to copy from 
each other instead of seeking the original soaroos, 
transmit the errors of detail. 

These reflections arc in part sniri?r5tcd by a singulnr 
construction given to the nan;ili\ t' in a ri-rcnt and 
really excellent text-book on tiio liislDi v ol Kutund 
Science, in which the authoress c<»rninit.s tUu remarka- 
ble anachronism of representing (in a woodcut) the 
crown and the metallic masses sus^jcadcd in %vuttr 
from Bfring-baUmccs of modern appearance and con- 
struction, 

To dispel any lingering ideas of this chancter we 
here revive the passsge in Yitruvios,* ** De Ar&kUeo- 
<»ra,^* the original source of the narraUve, and in 
whidi it appears' that the "greatest geometer of sn- 
tiquity ** arrived at his results by a comparison of 
unequal volumes of water obttu'ned )>y disjdaoement, 
and not by direot weighings in that liquid. 

Hook IX. CwAn i.u 8. 0/ tha metkod iff deUctr 

in^ siltt r irh' n mij-rd inth goJdy 

"Though ArcliiinrdiH discovered many curiin;« ^tat- 
tcrs which evince great intelligence, that whicii 1 uiu 
about to mention u the most extraordinary. Hiero, 
when ho obtained the royal power in Syracuse, liav- 
ing, on the fortunate turn of his afTnirs, di'rr<>*'(l a vo- 
tive crown of gold to be placed in a certain temple to 
tlie immortal gods, commanded it to he made of great 



• Hanma Vltntvlitt BoUlo, % distlngiiWiad Roman arclittMt anfl 

author, eervod om tuttitMry euifinccr under JiiliuH (^uMir tii Africn, 
B.C. 4(1. in» work, "l^e ArchitL-otura." ( written iu hi» uUl »ift), 
compri«inp tt ii tx>ik. , is the only mi- sent ti . ntl on tlia cabjaok «*- 
taaU 0( Viuuvtos' Uiograpbjr very UlUc is luioM-n. 
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value, and nssiii^iic'd an aiipiopriatc weipcht of f;<>ld to 
the manufacturer, lie, in due tiniL*, presented tlio 
work to the King, beautifully wrought, and the weight 
uppt ared to corrcspoml v illi that of the gold which 
hud Ix'nn ns«5ipjn(Hl for it. liut a rrport ]i;iviiiLr hccu 
circulated that »ouic of the gold had hccu abstracted, 
and Aat the defldency thus cftmed had lieen supplied 
widi sQver, Hiero was indignant at the fraud, and 
unarMpmintcd A\itli tlio ni("lli(»d l>y which \hr tlicft 
might be detected, requested Archimedes would mi- 
dertake to give it his attention. 

" Charged with this c >i 1 1 mission, lie, by chance, went 
to a bath, and beint^ in the vessel, perceived that ns 
his liody became immersed, the water ran out of the 
vessel. \Vlicnce, catching at the method to be adopted 
for the solution of the proposition, he immediately 
followed it up, leaped out of the vessel in joy, and 
returning honu' naked, cried out witli a loud voice 
that he had found that of which he was in search, for, 
he continued exclaiming in Greek, hpriKu (I have found 
it out). 

*' After this he is said to have taken two masscf, each 
of a weight equal to that of the crown, one of them 
of gold and the other of silver. Having prepared 
them he filled a large vase with water up to the brim, 
wherein he placed the ina^s of silver, wliich caused as 
much water to run out as was equal tu the bulk thereof. 
The mass being then taken oat, he poured in by meas- 
ure as much water as wiis reqohrod to fill the vase once 
more to the brim. By these means he found what 
quantity of water was equal to a certain weight of 
silver. He then placed the mass of gold in the ves- 
sel, and on taldng it out, found that the water which 
mn over was les-scncd. Ix-.-ansc the magnitude of the 
gold mass was smulltir than that coutaiuiug the same 
weight of silver. 

'* After affain filling the yase by measure, he put the 
crown itself in, and discovered that more water ran 
over than with the mass of gold, that was equal to it 
iu weight ; and thus from the superfluous Quantity ot 
water carried over the brim by the immernon of the 
crown, more than that displaced by the mass, he 
found by calculation, the quantity of silver mixed 
with the gold and made mauifcst the fraud of the 
manufscttuer." * - 



• Th* ArchitoctiiK of Harcos Vltrnvion Pollio. In ten bo .V-i. Truu 
lataA from the Latin by JoMph Gwilt, London, ISSC, pp. '^iA, '^HMt. 
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Continuing the sketch of the history of the Avnter- 
i lialance given ]»y nl-Khn/.ini in the fomth section of 

thelntioduction, we tind references to sevcrnl Arabian 
philosophen*, among them the celebrated physician 
Aviccnna (Ibn Sina) who " distinguislud [the corajx)- 
nenta of] a compound scientifically and exactly,'' and 
Abu-r-Raihan *' w ho took observations on the relations 
of I different] metallic bodies and precious stones, one 
to another, as indicated by this balance." 

Al Khazini also states that the instrument in ques- 
tion vfiis called " the Physical Balance " by Moham- 
med Bin Zakariya of Uai, and it was named "the 
Balance of Wisdom," by the " eminent teacher Abu- 
Ilatim al Mu7.afFar Bin Ismail of Isfazar." 

Abu-r-Kaihan alluded to above is often quoted by 
nl Khazini and deserves our attention. lie was a 
distinguitihed Arabian astronomer bom about D70, 
and died 1038 a.d. He was a member of the Society of 
Savnns founded in the capital of Khurizm, and of 
which the eminent physician Avicenna wjis a shining 
light. He was tlie author of u number of works on 
astronomy, cosniography and physics, one of which 
entitled *'The Book of the Ik'st Things for the Know- 
ledge of Mineral Subv.tanccs," and contained in the 
Ayin-Akbari, or Institutes of the Emperor Akbar, 
treats of the specitic gravity of bodies and of hydro- 
static methods for determining them. It is this work 
to which al- Khazini refers. A review of Abu-r-Raihan's 
treatise has been i)ublished by M. J. J. Clfment-3Iul- 
. let, under the title, '* Recherches sur THistoirc Nat- 
' urelle et la Physique chez les Arabes." * Since this 
Arabic manuscript is probably the most ancient work 
extant which systematically treats of specific gravities, 
we make another digression and give u brief synopsis 
of its contentij. 

It contains theoretical exi)lanation8 of tlie origin 



• Journal Aiuatiquc. Seric,v.,Vol. xi., p. SIS. 
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an I formation of mineral bodies founded on the views 
of the Greeks, and pjirticulftrly on those of Aristotle. 
Aceording to these views, the variety of the weight* 
of Ijodies de|>ends npon the dry and the moist exhal- 
ation from them ; air and waler are the elements of 
these vapors, air giving the lightness and water the 
heaviness. The author then proceeds to describe 
methods for determining tlie specitic gravity of bod- 
ies in the following words : 

" Scientific men determine by means of water the 
measure of these differences in weights. They pre- 
pare a veasel filled with water in which they introduce 
100 mithkals of each of the metals; the quantity of 
water thrown out by each gives the difference in vol- 
ume and weight, that one which displaces tlie largest 
bulk of water has consequently the largest volumo 
but tl>e least density, and that one which displaces the 
least water is the heaviest." 

Abu-r-Uailmn gives in tabular fonn the specific 
gravity of nineteen substances, nine of which are min- 
erals and nine are stones. In the following table we 
annex the values assigned by modern authorities, 
showing the remarkable accuracy, in . most instances, 
of the early determinations . 



TABLE OF SPECIFIC GKAV1TIE8. 



Abu-r-Ritihttn, 



MiHlern Author Uie». 



Gold 

Mercury 

Lead 

SUver 

Bronze 

Copper 

Brass 

Iron 

Tin 

Sapphire 

Oriental Ruby 

Ruby , 

Emerald 

Pearl 

Lapis Lamli. . 

Cornelian 

Amber (?) 

Rock crystal. . 



19.05 
13.58 

10.35 
8.82 
8.70 
8 57 
7.74 
7.31 
8.97 
3.58 
3.85 
2.75 
2.69 
2.60 
2.56 
2.53 
2.50 



lo.yo 

13 508 
11.346 
10.52 



1.08 (T) 
2.58 • 



8.78 
8.58 
7.70 
7.29 
3.99 
8.90 
3.52 
2.73 
2.75 
2.90 
2.01 



8.05 to 8.95 




14 



In the third lecture of the Buuk of the B ilancc of 
Wisdom al-Khasini duscribes a form of sjtcciAe 
gravity flask which ho calls the conical instrument 
of Abu*r-Kaiban ^ and to whom he apparently aacribce 
the Inroition* A mere inspection of the accompany- 
ing cnt, a fac'rimtle of that in the original manuscript, 
together with the explanations (also from the original), 
eufficea to show its nature and the method of using it. 



Neck of tho InetrumcuU 
Perfamtion. 

TiiV" in till f')rm of » wnforpfpe. 
H«ndlc of Um titBtnunent. 
Monili of ttw iratTummk 
Flaw of tiM pan (of tlio babnoe) 




The author remarks tliat "the inRtnimmt is very 
difficult to ni:in;iLrp. «inro very often tlio water reiimin" 
suspended in the lateral tul)o, droj>{)in;^' from it little 
l»y little into the scale of the biilanee." Tliis passage 
shows that AI>u-r-Raihau had noticed capillary attrac- 
tion ; it is also certain that he understood that the size 
of tlio neck of the instrument affected the delicacy of 
the determinations, for ho says he would have it *' made 
narrower than the little flngw but for the difficulty of 
removing through a smaller tube tlie bodies immersed 
in the water." 

Al-Kha8ini*s woik is made up of <^ght lectures, 
each lecture includes sereral chapters and each chapter 
has sevoml sections; to give the table of contents 
entire would undesirably lengthen this article, and we 
prefer to quote Al Khazini's own summary of bis 
treatise as Contained in the sixth section of the intro- 
duction. 




Digitized by Godgle 



15 



'*I hare divided Uie book into three parts: 1. 

O-.-ncr.tl and fnndamcntal topics, such as heaviness 
atiil li<^htne^-^; c -ntn^s of ijravity; the |)r(ii)orti«>ii of 
the submergence of ships in water; diversity (»f the 
causes of weight; mechanism of the balance unci the 
steelyard ; mode of weighing with it in air and in 
liquids; tlic instnnnrnt formcftstuing liquids, in order 
to nscertain which is the li«^l»ter and which i^ tlic 
iieaivicr of two, without resort to counteri)ois(« ; know- 
ledge of the relations between different met^ds and 
precious stones in respect to [given] volume ; sayini^ 
of ancient and modern phih)soj>hors with regard to tlic 
^vuter balance and their iutimatious on the subject. 
This part inclndos fonr lectures of the book in their 
order. II. Mcchanisin of the balance of wisdom; 
trial of it; fixing upon it of [the points indicating] the 
s|>ecitic gravities of metals and precious stones ; adop- 
tion of connterpoises snited to it ; npi)lication of it to 
the Teriflcation of metals and distinguishing of one 
from another fin a compoond], without meltini,' or 
refining, in a manner applicable to all baltinces; recog- 
nition of precious stones and distinction of the gen- 
uine from thoir imitations or similitudes in color. 
Th- Tf arc here ;i(1(l< d chapters on exchang«? and tlu> 
mint, in connection with the mode of proceedin;^, in 
geudul, us to things saU>al)lu and legal tenders. This 
part embraces three lectures. lu. Novelties and 
elegant contrivances in the way of balances such as : 
the balance for weighing dirhams and dinars without 
resort to counterpoises ; the balance for leveling the 
earth to the plane of the horizon ; the balance known 
as the 'even balance' which weighs from a grain to 
a thousand dirhams or dinars by means of three 
pomegranate counterpoises; and the hour-balance, 
which makes laiown the passing hours, whether of the 
night or of the day, and their fractions in minutes 
and seconds, and the exact correspondence therewith 
of the ascendant star and fractions of a degree. This 
part is in one lectnre.** 

In the seventh cha[)ter. which treats of the " Mechan- 
ism of the Instrumeul for measuring Liquids .... and 
Application of it according to the philosopher Pappus 
the Greek,** we fbsd a description of a hydrometer. 
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"Thcli'ngth of this 
inHtrumc'iit, which is 
cylindrical iu shape, 
measures half a 
hand-cubit; and the 
breadth Ib equal to 
that of two tingcis, 
or less. It is niado 
of brass, is hollow, 
not solid, and the 
lighter i^articlcs of 
brass are carefully 
turned off by tlie 
lathe. It has two 
bases, at its two ends, 
resembling two light 
drum-skins, cacli fit- 
ted to the end, care- 
fully, with the most 
exact workmansliip ; 
and on the inner 
plane of ono of the 
two bases is a piece 
of tin, carefully fitted 
to that plane by the 
lathe, shaped like a 
funnel, the base of 
which is tlie drum- 
skin itself. The in- 
strument being thus 
made, when put into 
liquid in a resers'oir 
or vessel, it stands 
upon it in an erect 
position and docs 
not incline anyway." 

The author then 
describes at length, 
the manner of gradu- 
ating the instrument, 
the decimal system 
being employed 
throughout. He re- 
marks that the 
weight of the funnel 
shaped piece of tin 
must be varied ac- 
cording to the den- 
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sity of the water flBsanicd as a standiircl. Tables 
of the specific grayitics corrcspondiiig to the marks 
on the hutnunaait accompany the detailed account 
of Its application. 

The annexed figure of the hydrometer of Pappus 
(page 16) does not give a very clear idea of the 
instrument, and is intonclotl t(» show chiefly the 
innnner of constructing and <xrucluatin«jf it ; the details 
j^ivcn in the nianuscrii)t arc so iiiiniitf, however, that 
it is evident Pappus' instrument rcsenil)led ck)sely 
that of (tay-Lussac. It was, h(»\vevcr, provided with 
two scales, one with its numhei-s increasing upwards to 
indiaite the volume submerged in liquids of different 
density ; the other with its nnml»ers increasing down- 
wards, to show the qsedfic gravities conesponding 
to those submetged Tolumes. 

The above-mentioned Pappus was an eminent Qrcek 
geometer of Alexandria, who flourished about 880 or 
iOO A.IK Gonseqoently he was a cotemporary of 
Synosias of Cyrene (878-480 a.]>.), in one of whose 
letteis occurs what is ordinarily regarded as the first 
recorded mention of the hydrometer. It is certainly 
most interesting to find tliat ai-Khazinl's description 
of Pai)inis' instrument corresponds Tery closely with 
the statements of Syncsins, a coincidence not olisonred 
by previous writers. 

Syncsius, "the good bishop of Ptoleinais," writing 
to his instructress,* the fair jiaijan philosopher and 
mathematician, the ill-fated Hypatia, and being de- 
sirous of trying the wines f he is using, says: 

*'My health is so delicate that I need a hj/dro9eope, 
and I beg you to have one made for me of copper. It 
is a tube cylindrical in shaj)c and of the form and size 
of a pipe: on its len«;;th it hears a straii,dit line crossed 
by small linos, by meaus of which we detcrmiue the 
weight of waters. One end is terminated by a cone, 



* Not ill u !• tt. r of irnMlfe to l^rii«fa% M Hoefor has It in his HiiA. 
Pbyxiiiiiti, I'Hria lifli^ iSmo. 
tPimpar, HtaL fat. Devel. Knrnfic. 
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nrrangod in such a ninnncr that the tube and the cone 
have tlie same base. This instrument is called haryl- 
lion. If you place it in water, point downwards, it 
stands erect and the divisions that cross the vertical 
line can be e;isily counted, and by this means the den- 
sity of water is determined.* 

lloefer, the French Historian of Chemistry, in relating 
this statement remarks that none of the commentators 
of the Letters of Synesius were able to explain the 
nature of this instrument until the mathematician 
Fermat, in answer to Castelli's request, communicated 
his view, correctly apprehending the principles and 
uses of the instrument descnbed. This was in 1028, 
and now we learn that the Arabian philos-ophers five 
centuries earlier were perfectly familiar with the iden- 
tical instnmu'nt mentioned by Synesius. 

Al-Khazini describes several forms of balances at 
great length, giving details of construction and em- 
ployment. One of these balances he ascribes to Ar- 
chimedes; and he professes to quote the particuhii's re- 
specting it from Menelaus, without however giving the 
title of the latter's work. 




TTrHimlililB 



am 




DALAXCH OP AnCfllMEDKS. 
a. Bowl for • 
6. liowl for hllver. 
c. Movable u-citfht. 

Another balance described by our author is that of 
^iuhummed Bin Zakariya of Rai ; it differs from that 



* Syncttiiib < )|jcrn. Epla. XV. LuU.'tia, lUDsI, 4Ui, p. 174. 



IJ 




Digitized by Google 



19 



of Aroliiinptlcs l)y tho introduction of the ncfdlo, 
called l)y tlie Aral»s Iho "tonj^uo," ninl i-y tlic Mil«sti- 
tution of a movable suspended bowl for the movable 

F'inally, in tlic liflli lecture, lie i;ivf s a minute di sci ip- 
tiou of tlic Balance of ^^'i^rdunl lu cording to Abii- 
Hiitini ftlvMu/nfTar liin It^niaii of Isfazar. " He bei^ins 
by n niarking, tliat the balance being an instiunu nt of 
precision, like astronomical instiununts such as the 
astrolabe and the zijassafaib, its v?hole workmant-hip 
shoald be carefiiUy attended to, He next describes 
the beam, the front piece, the two * cheeks* between 
which the * tongne * mores, and the tongue itself .** He 
gives the length of the beam as four bazaar cvbits 
(two meters) and veaarks that ** length of the beam 
InflnfiM^ the aensibilitj of the instrument ; ** it is con- 
structed of iron or bronaae. The iMUance is provided 
with five bowls or ])ans, made of rery thin plates of 
bronze, three of which liave the fomi of hemispheres 
(see engraving, page 20), one of wliich is splu ricol 
and the remaining one, destined to be plunged into 
water, isfini^lied with a conical bottojn. Two of these 
• bowls bore tlie name of the "aerial" and were perma- 
nently attaelu (1 to the beam ; anitther i)an was mova- 
ble on the right arm of the l)eam ; and the bowl intend- 
ed to ])C immersed in water was fast« iied underneath 
the aerial bowl of the left arm; this bowl bore the 
name of the ''aquatic'' and the spherical bowl was 
named the winged." 

We cannot liere enter upon a more detailed exami- 
nation of this portion of al-Khazini*s treatise; suffice 
it to say, he speaks of the mode of adjusting the ImI* 
anoe and of its application to the examination of 
metals and of prcdous stones. Al-Kliazini distinctly 
states that in taking the specific gravity of bodies he 
employed *' a determined sort of water similar in den- 
sity to the water of the Jaihun of Xhuwarazm,** and 
further tliat **we made all our comparisons in one 
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sinj^le comer of the curth, namely in Jurjaniynli [a city] 

of Kliuwarazm and early in the autumnal 

season of the year." The "Jaihun" is the modem 
rive.* Oxus, and " Khuwarazm " corresponds to the 

* modern province of Khiva. 

Tlie editor, Mr. Khanikoff, calls special attention to 
the following passages, which he considers the most 
remarkable in the whole treatise: 

" When a heavy body of wliatevcr 8ul>stanco is 
transferred from a rarer to a denser air it becomes 
lighter in weight, from a denser to a rarer air it be- 
comes heavier." (liCCt. I. Chap. v. § 1.) 

"Air-weight does not apparently vary, although 
there is actual variation, owing to diffeirnce of at- 
mospheres. As regards its water-weight, a body 
visibly changes, according to the diffenmce between 
waters of [different] regions, wells and reservoirs, iu 
respect to rarity and density, together with the inci- 
dents 1 difference due to the variety of seasons and 
uses. So tlien the water of some (leterauned region 
and known city is selected, and we ol^erve upon the 
water weight of the body, noting exactly what it is, 
relatively to the weight of one hundred mithkals; and 
we rcler [all] operations to that [result as a standard,] 
and keep it in mind against the time when we are 
called upon to perform tliem, if the Supreme God so 

* wills. In winter one mu.st operate with tepid, not very 

cold water, on account of the inspissation and opposi- 
tion tc gravity of the latter, in conseriuonce of which 
the water- weight of the body [weiglied in it] comes 
out less than it is found to l>e in summer. This is the 
reason why the water-bowl settles down when the 
water has just the right degree of coldness, and is in 
slow motion, while in case it is hot and moving 
quickly, or of a lower temperature, yet warmer than 
it should be, the bowl does not settle down as when 
tlie water is te})id. trmjurature of water in piainhj 
indient-fvl hoth in winter and tumtner ; let these ])articu- 
lars therefore be kept iu mind," (Lcct. V. Chap. vi. 

§ 5.; 

An examination of these extracts compels a belief 
that the Arabian philosophers of the twelfth century 
kuew the air to have weight, though they never 
applied the means they had discovered of measuring 
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it Hie acntenoo in italloB leads to the conjcctare that 
they ibo had some means of detenniiting the tem- 
perature of water; possibly a form of afirometcr was 

the instrument etrploye(1, and tlipy v/prc tUm rnabled 
to rc'cojrni/.e the fact that the deusit^ of vvfttcr increases 
in projwrtiou to its coldness. 

Al>niasiiii*s work oontama several tahloe of the 
specific gravities of sobefeances determined either by 
the Balance of Wisdom or by the hydrometer of Pap- 
pus. In those tables are enumerated fifty sti!>3tancc5, 
nino of which nre rajtals, ten precious stones, tliirtoLn 
mjitcrials of whicli models ^-erc made, and eiglite* a 
liquids. Tlic smallness of the list is not surprising, for 
most of the salistanoes eontdned in modem 1^ of 
specific gravities were entudy unknown to the Ara< 
blans; the exActness of the results obtained is marvel- 
lous, when we take into consideration the coarseness of 
their nr^Jins of {jmdiiatiiiijj instrain?nts and the back- 
ward stuto of tlio ini ehunical arts at that period. 

The lirst table comprises tlie specific gravities of 
seven metals and two alloys; the results interpntted 
into our systom, togefber with the values anigned by 
modem authorities * are found below. For sake of 
comparison, we also annex the figures obtained by 
Abu-r-Raihan, from whom it is believed al-Khaziui 
quotes; the sli^lit di.scr. ]>;imif's are largely due to 
diffurcut methods of cuicuiuiiuu adopted by C16iucnt- 
Mnllet and Kbanikoflf. 

Al, KiiAZiNi's First Table of Sri-x ikic Ghavitiks. 

Substances. Al-Khozinl. Abn-r-lLuhaa. Modern Aulhoriliwi. 

Gold [cast]... 19. 05 19.05 19.30 

Mercury* 18.06 18.58 13.59 

lieacl ....... .11.83, ..... 11.83 ......... .11.84 

Silver 10.:J0 io.:J5 10.r»2 

Brouxe 8.82 8.82.... 8.05 to &95 



• Cr. Prof. F. W. CI»rko'« Tablw of Spedllo Uravitlcs etc in C^uaUnbi 
ot Hafenrc^ I^irt I. SadCluoiilaD lUnfllMicottaiCulleotitfiHi, VStt, Btn, 
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CopiKT 8.G0 8.70. 8.78 

Brass 8.57 8.i57. 8.58 

Iron (forged). 7.74 7.74 7.79 

Tin 7.32 7.81^ 7.20 

It is interesting to learn that the Arabian physicists 
fully appreciated the necessity of operating on pure 
materials and the advantages of averaging the results 
of many detenninations. 

Thus, al-Khazini says he puriti .'d gold l)y melting it 
five times, after which it melted witli difliculty, solidi- 
fied rapidly, and left hardly any trace upon the touch- 
stone : and after ten trials to obtain the weight of the 
volume of water displaced by different weights of the 
gold, he found, for a hundred mithkals of gold, 
weights varying from 5 mithkals 1 danik and 1 tassuj 
to 5 mithkals 2 daniks; as mean weight he adopts 5 
mithkals 1 danik 2 tassujs, which by calculation yields 
the figures in the preceding table. 

Likewise mercury whs purified by passing it rc|>cat- 
edly through many folds of linen cloth. In writing 
of mercury, he remarks that it is not, properly speaking 
a metal, but it is " the mother of the metals, as sulphur 
is their father." This view of the nature of mercury 
was prevalent among Arabian Chcmi.sts, and is found 
in the writings of Oeber (or Djafar) who lived four 
centuries earlier. Oeber writes of mercury : " it is also 
(as .some say) the matter of metals with sulphur,"* 
and he does not place it in the sjimc class with metals 
which he defines as " extensible under the hammer," 
a property not possessed by mercury under ordinary 
conditions. 

In this conception of al-Kha/ini wc find moreover 
the germs of the doctrine of the transnmtation of 
metnU, the basis of that alchemical jiseudo science 
which subsequently ac<|uired such a wonderful in- 
fluence over the human race. For if metals have 



* Gcbvr, Sum of rerfeclion, U<x>k I, Part III. Cliap fl. 
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mercurj for % mother and aulpbur for a father, thcj 
are not simple BalMtances, and if oompounds, they are 
capable of artificial preparation and inuUial transform 

matiou. Tliis is, however, not the only passage com- 
tuining allusions to a belief in transmutation. tliou«4h 
no mention occurs of any practical attempts to effect 
it; the following extract clearly refers to the com- 
pound salnre of metals. 

When the common ]i ' )ple hear from nattiral philM- 

ophers that gold is tli jiial of bodies, and the 

one which has attaint d to |)ui iection of maturity, at 
the goal of compctitiuu iu respect to equilibrium, they 
flrmly believe that it is something which has gradu* 
ally come to tli it i»< i f f lion hy passing through tl>n 
forms of all [otiter mctaliicj Uodies, so that its gold 
nature was originally lead, afterwards became tin, 
th' n Vra?^^^, then nlver, and finally reached tlieperfeo< 
tiuH oi gold." 

Writing; of the precious metals, al-Kliazini dis- 
coumes iu a philosophical spirit on their universal »J>- 
prcciation, in tlic folluwiug language : 

" *Men prize these metals,' says Abu-r-liaihan, 'only 
because under the action of fire they admit of beinp^ 

made into conveniences for them, such ns vessels more 
durable than others, instruments of agriculture, weap- 
ons of war, and other things which no one can dispense 
%vith, who is set to possess himself of the goml things 
of life and is desirous of the adornments of wrnltli.' 
But if lH»idus the rarity of the occurrence uf gold, its 
dumbility and the little appearance of moisture upon 
it, whether mcihturc of water or humidity of tlie earth, 
or of its being tracked or calcined by any fire, and 
consumed together; with its ready yielding to the 
stamp, which prevent,s counterfeiters from passing 
oif something else lor it, aud lastly the beauty of its 
aspect—if there is not fbesides all these characteristics] 
some inexplicable peculiarity pertaining to gold, why 
is the little infant delighted with it, and why does he 
stretch himself out from his l>ed in order to seize upon 
it? And why is the young child lured thereby to 
cease front weeping, although ho knows no value that 
it has, nor by it sumilieti any want ? And why do all 
people in the worla make it the ground of being at 
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j>oace one with Riiother, not drawing llicir swords to 
ti^lit, though at the Racritioc of the powers of body 
and 80ul, of family connections, children, ground 
possessions, and everything, with even a superfluity of 
renunciation for the sake of acquiring that; and yet 
are ever longing for the third stream * to stuff their 
IjcUies with the dust ? " 

This piissagc is a sample of the simplicity of much 
of the Book of the Balance of Wis<lom ; and, occurring 
in the midst of the purely scientific demonstrations and 
data, is peculiarly refreshing ; the author's testimony 
to that inexplicable peculiarity of gold which renders 
it the special object of avarice, leads us to conjecture 
that had he lived in mo<1em times he would have 
proved a warm champion of * ' hard money " doctrines. 

The second table of specific gravities contains the 
determinations of various precious stones ; it is not 
possible in every case to identify the stones, and 
hence some uncertainty obtains with regard to the 
values : 
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SpKcmc 


ORAVinEB, 




AlKhazliiL 


Modern AuthoriUeik 
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4.88 
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8.99 


[Ruby] of Badakhshan , 


8.58 
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2.9 
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2.69 
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2.63 1 to 2.88 § 
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2.45 1 to3.44** 



Al-Khazini gives detailed accounts of these pre- 



*AIlndin£r, ny the ettitora, to the tniditiDniU wylnK of the ArabiAnn : 
" If the noil of Adam wore to pOMeHH two fluwiag riven of gold and 
kUvcr. douhtlcM he would d««lrc » third." 

* Orionul sapphire. | Rock ary*tal 2.0S to 2.88. 

t f)rlnntil rubv. I Engliph mirror glaaa. 

; Onyx 8.6ii to' 9.81. ** English flint gluik 
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cious stonc8, of which wc qijote a ffsv l-ii' f i xdacts. 
He says: "Emerald iind chrysolite are interchau^cable 
Dames, whether applied to cue and the same thing, or 
to two tbioga of which one has no real exiBtence," a 
passage which shows thsft nineralogieai terminology 
was aflUcted with snperfluoos synonyms st an esrly 
day. Of the conidiAn he says : " Men have long tired 
(if t!ie comelinn, so that it has cwised to be used as n 
stone for seal-rings ; even for the liajids rf ronmion 
people, to say nothing of the great/' Ot tiu: * tine 
pearl,'* he writes: '^The pearl is not a stone at all, but 
only the bone of an animal, and not hom<^seneoi» in 
its parla.** "Coral,** he writes, "is « pUmt, thongb 
IMftrified like the Jew's stone and the sea-crab/' He 
is aware that "glass i« not y>roduct of a mine, 
but. on the contrary, kindred to stones, or .Band, or 
alkali," and he states that he has included it in the 
above list, ** because it nsemblea crystal." 

The third table comprises *' the materials of models 
and pftttenie formed by goldsmiths^ and woods of well 
known trees.'' Interjireting the Arabic weights as 
before, we have the following table: 

Bramasoas. fltseme OBATmn, 



Clay of Siminjan l.M day 1.068 to 2.68 

Pure salt 2. 1 9 2.068 to 2.17 

Saline earth 1.11 

Sandarach 0.71 1.05 to 1.09 

Amber 0.85 1.06 to 1.08 

Enamel 3.08 

Pitch 1.04 1.07 

Wai.. 0.95 0.M 

Ivoiy 1.64 1.82 

FI»ony . 1.13 1.18 

P( irl shell 2.48 2.64 

B;ikkam wood 0.94 1.03 

Willow wood 0.40 0.58 
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The last table embraces a number of liquids. 

SusaTAXOB*. SpKciric Gkatitixs. 

Al-Khazini. Modem Anthoriiiftt. 

Sweet water 1. i. 

Hot water 958 .959 

Ice 965 .910 to .926 

Sea water l .041 1 .02» to 1 . 04 

Water of Indian melon 1.016 

Salt water [saturated solution] . .1.144 1.205 

Water of cucumber 1.017 

Water of common melon 1.030 

Wine vinegar 1.027 

Wine 1.022 1.013 

Oil of .sesame 915 .992 to 1.038 

Olive oil 920 .917 to .919 

Cow'8 milk 1.110 1.029 to 1.040 

Ilen'a egg 1.035 1.09 

Honey 1.400 1.450 

Blood of men in good health. . 1.033 1.053 

Warm human urine 1.018 ) ^ - 

Cold human urine, 1 .025 \ * 

The temperatures at which the determinations of 
the "hot water" and "sweet water" were made are 
not known; the difference of density oljserved, viz., 
0.04166, appro-ximatcs that between water at 3.9°C'. and 
lOO'C, which according to modem physicists is equal 
to 0.04044. 

The high specific gravity of cow's milk is note- 
worthy and may have led al-Khaziui and others into 
lactometrical controversy. 

Besides these contributions to the knowledge of 
specific gravities, al-Khazini devotes some attention to 
certain subjects not closely connected with the main 
theme. In the third lecture he attempts to calculate the 
quantity of gold which would compose a sphere equal 
to the gloijc of the earth, and arrives at a number of 
mithkals which requires for expression twenty-nine 
digits. 
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111 tlie same lecture lie fakr-'- u]i tlie proMcm of the 
<:hess- board, of which he supposes the squares tt» be 
filled with dirlmms, each square containing twice the 
number in the preceeding; he finds flie total number • 
of diiiiamsto be lM46.744,078,709,551,dl6. He then 
applies himself to ascertaining the dimensions of the 
treasury in which tlie trcaaurp should be deposited, 
and finally quotes the lines of nn \rnh\m\ poot which 
fix the time in ^vhich one might Kpfud thm mm at 
200,000,000,000,000,000 yeare. 

In the last lecture he describee the methods of ap- 
plying the balance to lereling and to the measuring 
of time— of this poiiion Mr. Elianikoff ^ves the fol- 
lowing concise exposition : 

" The balnncc level consists of a long lever, to the 
two ends of which were attaclied two fine silken cords, 
turning on an axis fixed at a point a little above ita 
centre of gravity, nnd susix nded betwe^'n two si^lit- 
pieoes of wood, graduated. At the moment when 
the krrer became horhtontal, the oords were drawn in a 
horizontal direction, withdiit deran-jjinpits pquilibrinni, 
and the divisions of the scales of tlic sight-pieces corres* 
ponding to the i)oints whwe the cords ttrached ttwm^ 
were noted. For leveling plane surfaces, use was 
made of a pyramid with an equilateral triangular base, 
and hollow and open to the light, from the summit 
of which hung a thread ending with a heavy point. 
The base of the pymmid thus arranged was npplit d 
to Uie plane which was to lie leveled, and can iid r 
this ]>lane in all directions. Wherever the plane 
ccase<l to )>(> horiaontal tiie joint deviated from the 
centre of the base. 

••The balance-clock consisted of a long lever 
8us|>ended similarly to the bulunoe-level. To one of 
rt.H nrms wns attaclKKl a rrservoir of water, which, by 
Dieuns of a small hole perforated on the bottom of it, 
emptied itself in twenty-four hours. Tliie reservoir, 
being filled with water, was poised by wfi^^-lits attnched 
to the other arm of the lever, and in prouorticn as the 
water flowed from It, the arm bearing it was lifted, 
the weights on the other arm slid down, and by their 
distance from the centre of suspensiou indicatid the 
time which had elapsed/* 
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Further anHly.sis of the continta of this cxtraor- 
ilinary work is incompatible with our reader's patience, 
and yet many points of interest demnnd at least a 
passing notice; these may, however, l)c embodied in a 
summary of the principal propositions oont^iined in 
this treatise, and the recapitulation may serve to jus- 
tify in some measure this Contribution to the Early 
History of Chemical Physics. 

1. The Book of the Balance of Wisdom shows the 
Arabian philosophers of the twelfth century to have 
entertained advanced views regardin*^ attraction. 
They recognized gravity as a force, and attributed to 
it a direction towards the centre of the earth ; they 
also knew that it diminishes witli the distance, but 
they erroneously supposed this diminution to Ijc in the 
direct ratio of the distance and not as its square. 

2. Tliey were acquainted with the connecticm l>c- 
tween the weight of the atmosphere and its increasing 
density, since mention is made of the loss of weiglitof 
a tx>dy weighed in a denser atmosphere. 

8. They understood the theory of centre of gravity, 
and applied it to the investigation and construction 
of balance, and steelyards. 

4. They mnde frequent use of the hydrometer, 
which they inherited from antiquity, and po-ssibly they 
employetl this instrument as a thermometer for dis- 
tinguishing by variations of density the iliffi rcnt tem- 
peratures of liquids. 

5. They observed the action of capillaty attraction. 

6. They compiled full and accurate tables of the 
specific gravities of most of the solids and liquids with 
which they were acquainted. 

7. Their system of philosophy was founded on ex- 
periment and observation. 

In conclusion, we quote the following appropriate 

remarks from M. KhanikofTs introduction : 

"Tlie history of the sciences presents to us an in- 
contestable fact of deep signifieanrc : Ihe redisrov- 
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ery in modem times of tmths Iftborioualy estab* 
lished of old ; nnJ tliis fact is of itself cuon<r)i to 
indicate the neccHsity (if searcliiag carefully m the 
scientific heritage of the past after all that it may be 
able to furnish us for the incrruKo of our nctu il know- 
ledge ; for a double discovery, necessarily requiring 
a double effort of haiiiaa intellect, ie an erident waste 
of th it crentive force which causes thn advance of 
humanity in the glorious path of civilization.*' 

SoHoob OT Uvnm, Coumbu Ooixbob, 
Maw yoaa, IUt, im. 
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1. The oigaaio acids have long been used ia variaus opera- 
tiona of chemical analysis, hat their direct application to the 
decomposition of minerals, with a view to the determination 
of the latter, appears to have been overlooked. Acetic acid 
finds frequent employment in quantitative analysis; tartaric 
and citric acids are used to hold ferric and aluiniiiic hydrates 
in solution in the presence of alkalies, to dissolve antimouic 
oude in mineral analyaia and in blow-pipe tube reactions,* 
and in the preparation of Fehling's copper solution : nnimoniam 
citrate is used to dissolve so-cnllod " reverted" calcium phos- 
phate, and to separate lead sulphate from the sulphates of the 
alkaline earths; oxalic acid is used to dissolve sulphide of tin 
in the separation of this metal from antimony,f in volnmetric 
analysis, in the determination of the metals of the mnpnit sinra 

• I'n.f E. J. Cbapman, Canadian Journal. Sept.. p. M>i. 
i Plot F. W. Clark, Ameiiom Joomal of ScAeoM, [il xux, 4B, 
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gronp,* in the valuation ot muDganese oresj and in many other 
processes. 

The behavior of minerals witli the organic acids named 
has been only casually studied, and in but lew instances; T. 
Sterry Hunt,f following Karsten, has made use of acetic acid 
in thQ proximate analysis of mixtures of calcite, dolomite, and 
magnesite, and in the separation of limestone and serpentine ; X 
J. Lawrence Smith§ has vemarked the solubility of anglesite 
in ammoniuin dtn(e; calamine is sometimes distinguished 
from winemite by its gelatinizing with acetic aeid; H and min- 
eralogists often resort to the comparatively weak acetic add 
for the purpose of " deaning up'' minerals associated with tlie 
easily soluble caldte. So ihr as we can leain, no systematic 
examination of the action of organic acids on minerals has 
previously been made; yet the field proves to be wide and 
fertile. 

Daring a mineralogical exonrsion in the summer of 1876, 
among the rugged mountains of western North Carolina, the 
impracticabiUty of transporting liquid mineral adds suggested 
to the writer an examination of the behavior of minerals with 
sdutions of dtric and tartaric add, which are capable of being 
carried in the solid state. Subaequently a few preliminary 
trials established the fiuit that our preconceived notions of 
the weakness of organic adds as respects minerals were 
erroneous, and led to the investigation recorded in the follow- 
ing pages. 

It became necessary at the very outset to collect a condd- 
eroble number of minerals in a state of great parity and of 
normal phydcal condition : our own small coUeetion supplied 
these in part, but we would have been embarrassed in this 
research withoat the kind assistance of Prof. Thomas Egleston, 
who generondy placed the rich treasures of the School of 
Ifinea' mineralogical collection at our disposal, and to whom 
we tender our sincere thanks 

• W. GooM LavlMW, AoMilMa Jvuttai of 8d«iM« t., 9¥k 

t A ninrican Journnl of ScIODfiOi [Si XXTIir» IBO^ Mid XUI, M. 

: Geol. Caoado, ie€3, 609. 

$ Amarictii Jottruat «f Setwet, VH U, 9*4, 

I Draft's SjrttoB MlB,. Stib mlttkn, p. m, 
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SiDOd the haidnetBy eohereDoe, and aolabttity of minerals 
vary greatly In diiEsrent speoiinens af a single spedee, the 
behavKNT of minerals with acids, whetlier inorganie 4V orgfniie» 
depoids in large measnie opon the condition of the parfetcidar 
sample ander examination. An absolutely thoroni^ inresti- 
gation, therefore, would embrace the reactions of eeyeral 
specimens of each mineral ; as desirable as this wonld seem to 
be, it was found that on the whole so lalx>rioas an undertaking 
was superfluous, and for two reasons ; first, the decomposing 
action of the acids on diftereut samples of the same spec^ies 
differs in degree and not in kind } and, secondly, the behavior 
of different species nearly related is so similar tliat the obser* 
Tations made on each serve to mutually oontcoL 

2. The following list contains the names of the minerals 
which were submitted to the action of organic acids, their 
formnlm as given by Prof. Dana, the condition of the speci- 
mens, and the locality of each so far as could be ascertained. 
Where two or more specimens of a single species are named, 
they are numbered, for convenienoe of reference in subsequent 
pages. 

Within the gi'oups 1, Carbonates ; II, Sulphides ; III, Ox- 
ides; IV, Sundries; V, Silicates, the minerals are given in 
the order, and with the formulas, which they have in Dana's 
System of Mineralogy. 
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o/Minerali. 



WUlMriM. 



8rd 

M 

BaC -i- CaC 
CqC + tail 



nuBnbnill*, F)k 

ojtt Alston HMTt Sflf. 



It. SULPHIDES 



Stibttlto , 

Aiymtita, (1) 



BomltetO).. ....... 

- W 



Clliileodte,(l)iii«(p) 

<» 



f^koltte,<D 

•* m 

lOOQollta 



Pyrile. (1) 

" (2) 

" «) 

ChaloopTrlte, (1) 

« 

" (8).... 

W 

rnimannite ........ 

Uaroifkltn 

Areenopyrite 

BoaraonUp. ......... 

TtotimlMdrlte 



LooAurr. 



Mo 8. 
Aff8 

Pb8 - 

r 

(Ob V^) 8 



&|8 

«li8 

Bk8 

8» 



Nl Ab 
ifio P« Ni) Asg 
8« 



wMh Pb8 and BIO VlrgfiUa a*j, Vw, 

... .OofDitoopibi, 
....Mtffomi 



tiro lampiM, my p«t« Awqr Bin, Cm. 



VriedentYQle, Fi. 

Chai,8.A. 

orrttato Bristol, OoDB. 

fiaMdiE, immIt*. CUIftmla. 

gnanlw, lUMilT* Kortli GupHiia. 

^ humIt* LttdiMdt CMm. 

Asthooyi NoM, N. T* 

murine 



• ...*•..• O^rmaiiy. 

Freiberg, BazoDi; 

msfslT* ...Colorado. 

CaS.Fe8.FeSa nuMslve ..... ..........Acton, Can. 

maraive . Han-ey Hill, Can. 

massive Colorado. 

maaelre Ore Knub. K. C. 

NiS, + TMfSbAa), Petersbach. 

Fc- ^, cry«talUn« .... Gcrmanf. 

Fe S, + Fc A-^, HUM ive Norwalk, Conn. 

8("etiPb)S + Sb.S, massive Germany. 

4Cn S ••- Sb, 8« pannlar Fretbeix, Saxony. 
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N.. A. ••.,«••• inittlT>«»«»««»»«i>«««»«fltl><iri>» . 

b • MMlve fltadtacN.J. 

8,0)... 

m 

« 

(IQ Saratoga Co., N. Y. 

,(t) . 9tM* boClTOidaL SalUbary. Coon. 

" C9 fibrODt..... .....Annlkton, Ala. 

Frankllnltt (Fe^D MnxiPaiibk) IMMMIt* Fraoklln, N. J. 



9e 



Chroraite 
Uranlnlte 
BaoflmaoDite, 

PjTolo«1te. , , 

Msnpanite . . 

Pxilomelane. 

Wad 

Bntcitc , 



Fet^ BiMlve Caiiforola. 

\5V masaive Bohemia. 

iln, iin cr7eitallin& Tfanrlnfrla. 

Mn mastilve, g7vnulAr......New BraDBwlck (?) 

Ms II crTHtaUioe Ilefcld, Uartz Mta. 

^BaMn>Ma 4^ Mn ma»Bive.... .Qemmuy. 

K Mil ^ 11 eartbf. Baxony. 

Mg U foliated Texa«. P». 



IV. SUNDRIES. 



da**!** lca(aFI) 

Fe»>' + 80 

aFb*!^'-f FbCI c>7«taIllB«. 

Or Fl tfM^nwt 

Ckjollia SNsPl + AI. PI* ittMilr*..., 
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ChrTMlite 

Olivine... 

WUlemlte 

Almandittb..... 

BpidoU) 

Blotlte 

VlMOOTlto 

Wera«rite 

lAbradorlt*.... 

Albite 

Orlhoclaw ...,« 
Cboiidrodit«.... 
TonrmalliM.... 
Kyauiie .....*.. 

Datollte , 

IVjtolite 

ChrynocoUa .... 

Calamine.. 

Prebnltc 

ApophyUite.... 
NatroUte, (1)... 

" w... 



V. SILICATES. 

Oft 81 

(Ca Mg) SI 

• • • ••• • 

MnSl 
B«Bl*-l-4lM8l* ' 



in* 81 
(}Fe» + JA1)» 81» 

[ICa' + I (M "PeO Sl« 

(R*»). 81* -I- {81 
fl(N»C!»)» + |ikll*Bl* + 81 
U (C» N«)» -f \My + f 9l» 
(lNa» + f Al)» 8l« + m 
(ik* + IAD* 81* •»- 681 

ifsr* 81 • [Fi] 

(R'»B)'81» [FIJ 

M Si 
(Ca* li' B) SI 
<|Cft 4- |Na ■•- |U) 81 
Cn 81 + «H 

Zn" Si -t- II 
«H« + JCa'4^ |Alr 9l» 
Uil + i(iK + ;La.]' Si 4- Htii 

asi, M Na, m 



Me. 



OhiTiottlau. 



481, MIi«IH 
«31,'^ [|Ca i(NaK)] SB 
(»i,Ai,Ca,dl 

OB + |iig) SI 

* «« « 

•<}Mg*4-|A!9«)«8t,»B 



.K«w Toik Ctty* 



PnuiUIn, N. J. 

Sterltog, N. J. 

BUMItb ...Dncktown, Tcnn. 

lamina WeetchcPtfrrCo.,N.Y. 

lamliue ..North Carolloa. 

nuMslTe. ......... Gonrprnear, N. T. 

maasive. ....... ..Turin, N. Y. 

mafdve.,,,, Yancey Co., N. C. 

EiBssive..... New York Cltj. 

cryBtalti SpRrta, N. J. 

black cr7iUlji....Ncw York CitT. 

ciTstala Banconibti Co., N. 0. 

cryatala. ..Lake Saperior. 

cryfftala Bergen, N. J. 

ma»!«ivp Lake Saperior. 

crjatalMae Friedt-nsvilie, Pa. 

nnlforni, ina«8lvc. Scotland. 

f ry^ijiltf Bcrpen, N, J. 

dark, ma6Bive....WQrUemberg. 
white, flbrooa .... Bergen, N. J. 

line crystala Lake Saperior. 

ctyBtola Htvm Sootte. 

BonSeoiii. 



....]tatfiBi.B: J. 
r, ....^....MoMK B. t. 
mmIta, iMul.. .Eyit B. T. 

..Boftfi 



[Ninety Sp«claa, on« hundred, and twenty Speoim«n«.] 
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3. Tbe organic acids employed in this investigfttion were 
chiefly citric, tartaric, and oxalic; a few teste were made also 
with malic, formic, acetic, benzoic, pyrogallic, and picrLo acids. 
Of the solid acids, solutions saturated in the cold were needy 
unless otherwise si)ecifled ; of the liquid acids, ordinary com- 
mercial products. The behavior of the minerals with these 
adds was studied in a very simple manner: tbe mineral to be 
examined was careftdly freed from its associated gangue or 
mineral, finely pulverized in an agate mortar, and a portion 
placed in a test-tube ; the solution of the aci<l was then added, 
and the resulting phenomena, in the cold and on boiling, care- 
fully noted. Sometimes satisfactory conclusious were reached 
only by comparison of a number of testa under varjing condi- 
tions, as to amount of acid, time of heating, etc. In some 
cases, to be mentioned in due course, the partial decoinpoHition 
of the mineral wa,s ascertained by filtering from the residue 
and testing the solution with an appropriate reagent; in 
others, by ezamining the disengaged gas with a suitable test* 
paper. 

OABBONATES. 

4. The natural carbonates dissolve with effervescence more 
or less readily in dilate and strong, cold and hot solutions of 
citric, tartaric, oxalic, malic, formic^ benzoic, acetic, pyrogallic, 
and' picric acids, the relative power of these acidn being' 
approximately in the order in which they are named. The 
behavior of the carbonates with citric acid may be summarised 
as follows: 

(a) Calcite, gnrhofite, witherite, stroDtianite, oeiQwite, haryto-ealdte, 

and malaohit*^ dissolve ray>Ml1v in the vn}i}. 

(b) Dolomite, aukerite, rliotiocbrtMtite, tttuithctouite, andasurite are more 
feebly attacked iu the cold. 

(tf ) Magneaite and aideiita SM not sttadied hi the oold. 

On heating, all the above carbonates dissolve very rapidly, 
except sidedte^ which is more slowly attained. From strong, 
nearly neutnl solutions of caldte, gurboiltey and some other 
calcium minerals, a white precipitate of calcium eitrare foam 
on oodiing; cernssite also deposite a white precii>itate on 
cooling. 
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It 18 evident tbat a solution ot citric acid effectw the decom- 
potiitiori of mineral carbonates with sufficient ease to render it 
extremely uselui where b><iioehloric acid can not be tM)iiveiii- 
ently employed. The or<xanic acid acts, however, somewiiat 
mure slowly ; iu fact, time apiiears to bean importiiut factor iu 
stiidyin|i^ tliese reactiouH. On some mirierals the orpaiiii acid 
has at iiist no effect, and an appreciable time elapses before 
bubbles of carbonic anhydride appear, indicating the decom- 
position of the mineral ; this is especially noticeable with 
dolomite and azuritc. The time of incipient action varies also 
with the acid employed.* 

Owing to the viscosity of a concentrated solution of citric 
acid, the liberated gas has difficulty in escaping, and often 
remains attached in bubbles to the powder until snffleieDtly 
large bubbles have formed to ascend through the syrupy liquid f. 
this, of course, has reference to examinalicHM made is the 
oold. Moreover, the precaution was observed of distiogaishing' 
betweui the escape of babbles of air entangled by tiie pow- 
dered mineral and a trne liberation of carbonic aohydiideb 
These minnte details are mentioiied, because observatioii of 
them is neoessaiy to obtain the same results as those recorded 
in the first part of this section. Magnesite and siderite were 
repeatedly tested, and always refused to effervesce with a eold 
(EblutioD of citric add, a reaction which distinguishes them ih>m 
(»ther carbonates. 

5. In making this investigation we have constantly borne 
in mind the possible employment of the methods in the fleldy 
and have conducted the tests in the simplest manner with that 
end in view. Since it is seldom convenient in field work to 
obtain the minerals in fine powder, an examination was made 
of the action oif citric acid on the mauive carbonates ; and by 
■I ■ ■ ■- ■ ■ 

r • Tbm laiMMltof mUmI «I fbe Tdoettv of ChMri««l R«««tloMlm fMMtIf bM» 

ijiTeatipnipd in cerlalo caeeg br RogiiiiVJ and Knjander ( Bcrichto d d>>nt«chf n Chrm. Get. 
Berlin, Ix, \M6, mud z, S4), Thoy fiud Uiat wben nitric, hjdrocliloric, and bjdrobromift 
wMm, of Om mmt eoaonitnrtfoti, aot upon OMrMe, tta valediy of afolocloii of ««rto«l* 

•nhjilrido is inrenelj proportional t" their molecular Wf.ijrht*. Cf, American Janmal 
of Soieoce. IJ} xU. p. 'JM, It viU be iniervtUag to atcerUio « belber thia lav huldt good 
withOTfinio Ml4^ 
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way of compariflon the behavior of the same with hydrochloric 

acid was also noted. The results may be samniarized as fol- 
lows: 1, si^jnifying tliat the minerals efferve»?ce quickly when 
the acid is dropped on their smooth surfaces; 2, that they are 
feebly aud slowly attacked; 3, that they do not effervesce. 

HtMnO. BC1. .sp. Gr. 1^ Cltfte AaM> 

CBldte 1 1 

Dolomite 3 3 

Qarhotte 1 1 

AnkenN' 3 3 

Magaetiitc 3 3 

SiUerite 3 3 

Shodoohxorito 3 3 

Smitbwniito S 8 

Witherite 1 3 

8trontianite 1 9 

Baryto-cak'ite 1 2 

MaUcbite I S 

Asnrlte 3 f 

Porous minerals, and those having hijrhly polished eleav- 
a^;e or crystalline sui tat rs, api>ear to resist the a^ rioif ot the 
acids, hut for very different reasons; the former (smithsoTiite, 
for example) absorb the liquid and coiu <>al its a('ti(>n within 
their pores; the lath i i (iolomite, suiente, etc.) seem to repel 
the liquid, or rather to prevent its actual contact. In the latter 
case the action of the acid may be rendered visible by seratch- 
ingf the surface with a knife and api)lyinj? the acid i Kjuid to 
the roughened surfa**e or to the small amount ol jkowder pro- 
duced by the scraping. The observations above recorded 
were made on smooth surfaces. 

In earthy minerals, tiie acid shnnlti be applied repeatedly 
at the same point until, the pores i»eiug tilled, the action ot the 
acid on the surtace becomes apparent. 

6. The mineral carbonates behave with a solution of tartaric 
acid much in the same manner as with citric acid, but the 
tartrates being in general a little less soluble than the citrates, 
crystalline precipitates form more readUy on oooliug the satu- 
rated solutioDS. 
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The lesalts leoordecL below were obteined with a solatioii 
aatmated in the cold : 

(a) Cak'ite, gurlii)fit<», with* rit<', stroiit uiiiit«, ceru»8it«?, and baryto- 
oalcite diaaolve readily in tli«> cold ; uu buiimg, tUe actiun is lucrcased, aud 
tbe SOlntioiM deposit crystalline precipitatet OH oooling; the precipitate* 
of eelfilam teitmte md of iNkrinm tertxato iom iWMlUy, aii^ mej bo 
veoogniud with m little ozpeileiMO. (Cf. (lOi) 

(h) Dolomite^ ankerite, rhodochrosite, emitbsouite, malMUte, and 

aznritp i^ffcrvpHr*' foohlv in tbe cold, and dia<iolve rajMilly on beatinjf. 
Doloujite and »LuuhHuiu[e deposit cr\'8talH on cooling the w>hitioim; mala- 
chite yieldit a bluiitb green precipitate; azurite diiitH>lve« readily without 
Msidno. 

(e> Macneelte and eldevlte aie not attaekod in tbo oold, but dieeolvo 
Madilj on boatiog. Tbo ipooiiiieii of eiderite from Roxboiy elliBrTeeced 
very slightly in tiio oold and appeared to be more aolable tban tbo epool- 
men from Daupbitij. 

7. Oxalic acid decomposes tbe carbonates in a similar 
manDer, formiiipf, however, still more iiiaolnble pie<*i])itate», 
"which are in Home cases chai'a4;teri4*tic of the bases contained 
in the minerals ; especially is this trne of the white i>ulveru- 
leut calciniii oxalate, the light yellow «jraun1ar fen*ona oxalate, 
the beautifully feathered crystals of barium oxahite, aud the 
heavy white precipitate of lead oxalate. Ankerite contains 
enough ferrous carbonate to communicate a decided yellow 
<'^>lor to the ia.soUible calcium salt, by the formatiou of ferrous 
oxalate. Baryto-calcite dissolves freely on boiling, with for- 
mation of insoluble calcium oxalate; by decanting the super- 
natant liquid it deposits as it cools the feathered needles 
characteristic of acid banum oxalate, easily distinguishable 
from the st^mter, lengthened, monoclinic prisms of oxalic acid 
which likewise form in concentrated solutions. 

Magnesite, which resists the action of cold citric and 
tartaric acids, succumbs to oxalic acid. Sidcrite is also more 
readily decomposed. Malachite and azurite are feebly attacked 
in the cold, dissolve slowly on heating, and yield precipitatos 
which are respectively grayish green and blaioli-wliite inoidor* 
Oemasite and amitliaonite also fbmiab solntiona wliioii depofllt 
ciyatalline preeipitatea on cooling. 
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8. Acetic acid does not act so energetioaUy on the mineral 
carbooates as do the preceding; moreoyer^ on boiling, the 
volatile acid distills off and the solution becomes weaker as 
the heating is continued ; whereas with solutions of the solid 

acids, boiling increases their concentration and their decom- 
posing power. We conjecture that experimenters in this 
direction have been deterred from further research by the 
unsatisfactory nature of the reactions with acetic acid. And 
yet, if we may trust the ancient chronicles of Kome, the beha- 
vior of minerals with thin acid whs investigated at a very 
early period ; we refer to that much disputed tradition which 
represents the ceh'brated Carthaginian general, Hannibal, 
applying vinegar to the removal of rocks that obstnicted his 
passage across the Alps, in his march ou the iiomau capital : 

** Didneit aeopnlos et nKmtem nunpit MttUtJ** 

Glacial acetic acid does not in the slightest degree dissolve 
calcite; even pure precipitated calcium carbonate does not 
effervesce when boiled with ghu'ial acetic acid: but on adding 
one foiuth part of water, ett'ei vcHceucc begins at once and the 
carbonate dissolves freely. 

The behavior of carbonates with acetic acid may be sum- 
marized as follows (Sp. gr. of acid = 1.037;. 

(«) Calcite, jfurhoflt*, witherit©, cerutwite, baryto-calcite. and •trantUk- 
nite offerve«c« freely In the cold and <li8sn1vf» raj)idly on hontiitg. 

(6) Dolomite, ankerite, 8mithaouit«, and azurite ettorveoce slightly in 
the oold, the action being increased on boiling. 

(«) Ifiagnesite, ddsrito, rhodochnwite, and nwlaehite an not attaeked 
In the eold, and diaaolve niofe or len leadily on boiling. 

9. Formic acid fSp. ^t. =1.060) acts mther niore powerfully 
than acetic ; cerussite gives a peculiarly beautiful and charac- 
teristic deposit of lustrous white crystals. Malic acid also 
acts qui to niergetically ; but the dirticulty of obtaining it in a 
state ot purity, and its high })rico, will prevent its use in this 
conn('( tii)n. It doe;* not seem csiM'ciMlly desirable to extenrl 
the list of organic acids; for though theii- number is legion, 



• JuTenoJ, Satire X. 
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but few are commercial articles ; some interest migbt be at- 
tached to a comparison of their decompoiliig power, but a 
practical application to the examination of minerals is very 
doubtful. To t(*8t the probabilities of their action, however, 
B few experiments were made with aolations of piorio, beiUEO^ 
and pyrogallic acids. 

A strong hot solution of picric acid (carefully freed from 
nitric acid by re-crystallization) decomposes calcite, dolomite, 
and witherite very r(»adily. A moderately strong hot solution 
of benzoic acid dissolves ealcite freely, and a crystalline 
precipitate falls on cooling. J)oloniite dissolves on boiling. 
Pyrogallic acid attticks ealcite in the cold, and dissolves it on 
boiling, with formation of a white precipitate^, while the super- 
natant liquid turns dark in color through absorption of oxygen. 

MiOBOscoPiCAi Examination of thb CfiYSiALLiNfi 

rilECiriTATES. 
By JOHN H. CASWELL. 

10. Tlie crystalline lacfipitates ol)tained in these reactions 
are in some measure dhstuiguisliable by the naked eye, but 
nricroscopical examination of the varied forms develops inter- 
esting peculiarities. For this investigation we have had the 
good fortune to secure the skill, as well as the pencil, of our 
friend Mr. John H. Caswell, of the iSeljool ot'.M inert, (:olum))ia 
College, wlio places us under obligation by communicating the 
following results of his study. 

"The ciystalliue deiMJsits were obtained by treataent of 
the different minerals named, with hot solutions of the acids, 
in test-tubes, and concentration of the solution wlien necessary. 
In addition to the crystalline lorms of the acids themselves, 
tartaric and oxalic, the following substances were examined : 
Ilydro calcium tartrate, neutral calcium tart rate, hydro-barium 
tartrate, calcium oxalate, hydro barium oxalate, hydro-stron- 
tium oxalate, ferrous oxalate, formate of lead, and calcium 
citrate. The precipitates resulting from treatment of the 
luiueials were compared with similar precipitates formed from 
chemically pure material. 

Tartaric Acid, — The most usual and characteristic forms 
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^boemd were triangular-shaped crystalfly of yeiy beantifally 
fiharp and dutinct oHtHne. The smaller ones appeared to be 
without M17 modiiioatiaDs, as in Plate I, Fig. 4^ bat some of 
ibe larger and thicker ones had faces and planes on the angles 
and edges similar to those in Fig. 2. The same crystals 
Tiewed in a different position api)eared as in Fig. 5, which 
•focms were often grouped, together with the triangles, into 
stellate masses. Fig. 6. Flat, tabular erystals, apparently 
with domes and prismatic; fiu^es, were also observed. They 
weie ranarkable, owing to the terminations being different on 
the same crystal, thus occasioning a somewhat wedge-shaped 
form, as in Figs. 1-3. These tabular crystals are quite large, 
€Uid often have inelosures of small aeicular crystals and cavi- 
ties. Very small neodle-like crj'stal.s were also observed in 
the same sliiie as tbose already mentioned. 

Hydro-caleium tartrate (Fif^s. 7 to 12). — From a solution of 
caleite in an excess of tartaric acid, crystals were obtained, 
strongly resemblinj^ orthorhombic or monocliuic forms, consist- 
ing of prism and dome, iia sbowu in the ti^nires. These crystals 
were quite small, but very beautifully sharp and distinct, and 
jjave bii^rht colors in polarized lifjht. The figures show forms 
almost identical, but seen in didererjt positions. The crystals 
were thru twice boiled with water, to remove any excess of 
tail uric acid, the only etlect lieing to mass the crystals in ;;rou|>8 
and toroniul their anodes somewhat, althoujxh sonu* good indi- 
viduals were seen. The water solution was then evaponited 
and some very sharp and good crystals obtained, haviuj^ the 
same characteristic face and antics as in the fl;?ure, but gen- 
erally lar^^er and sliarper than those before observed. These 
forms, then, belon{; undonbtedly to hydro-calcium tartrate, 
tartaric acid beiug entirely too soluble to have funiished 
crystals in this way. Sometimes the ciystals are in long, 
slender prisms, but always with the eharutteiistic dome-like 
termination; and lu some Of the larger ones the piuacoid is 
present. 

Ourhofite, treated with tartaric acid, gave the forms 
already described, and also some transparent masses uf irregii* 
iar sliape, having no crystalline ehuracteristies. ^ 
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Ihthmite, treated as above, also afforded some good crys- 
tiils of hydro-calciiini tartrate, very easily recognized among 
other irregular fragments or masses of no particular form. 

Neutral calcium tartrate^ obtained by treating a cdiieen- 
trated solution of tartaric acid with an excess of ualcite, gave 
very minute needles, which in almost every ca^e were grouped 
in small radiated circular masses, uuu h resembling ihv sulier- 
nlites of volcanic rocks. The outlini s <tf these groups are 
sharp and distinct, always perfectly ixminl, sometimes having 
the central part transparent, but no particular crystailme lonn 
could be made out. 

Hydro-barium tartrate (Fig. 13), from witherite and tartaric 
acid, crystallizes in very delicate, long, almost capillary, acicn- 
lar crystals, which are often grouped in bundles, the needles 
parallel to each other. A few characteristic crystals, 
probably hydro-calcium tartrate, having the form and faces 
(as previously meiUiuued) oi prisui and dome, were easily 
recognized ; they doubtless proceeded from the calcium con- 
tained in the witherite. It is interesting to be able so easily, 
by the aid of the microscope, to distuiguish a snudl percentage 
of calcium in the presence of a larg(^ quautity of barium. 
The needles of hydro-barium tartrate give fine colors iu polar- 
ized light. 

Oxalic acid foims long prismatic crystals, (juite stout, and 
generally terminated with domes, similar to those faces iu 
hydro-calcium tartrate ; but apparently of much Hatter angles. 
When carefully made, the crystals are sharp and distinct in 
oatUne and terminations, but the mass much oftener crystal* 
lizeB ia indistmctly radiated groups, in which the forms can 
Bcarcdy be distinguiahed. Qzalie add, as ia irall known, gives 
beautifitt eokirs in polarized light 

Caloium oaMlate is an amorphous powder, and, even under 
the miciosoope, appears to be In minute masses, abnost opaque 
and with no distingoishable crystiUine characteristics. 

Bffdro-barium odmiafe, from witherite and oxalic acid (Figs. 
14-16), cry stallises in large, beantiftil fonns, very ohBraeter<* 
istie, and different from anything before noticed. The petals 
have the sh^pe of a spear-head or arrow-head, being boiit op 
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of maDy small dyatAls arranged on a Btralght rib < or apine 
BOmewhat like a feafher. The spear-headed forms are deeply 
striated or ftirrowed, and inelose large ftoid-caviti«8 ; they 
give beaatiftil colors als<^ in polarised light A few simple 
erystalSy as in Fig. 14, are apparently monodinio or tricUnio; 
and the edges or sides of the feather*like Ibrms generally 
terminate in similar smallf distinetly outlined ciystals, placed 
on the extremity of the lateral ribs. 

Very striking were the Ibrms (Figs. 17, 18) obtained from 
treating baryto-caldte with oxalic acid. They consistedy first, 
of the large spear-headed or fisather-shaped crystal groups, as 
shown in the sketch, in which the mode of formation is very 
easily seen, especially the simple crystals terminating the 
lateral ribs. The latter are cnnred upward a little, but seem 
to be nearly at right angles to the main spine or axis. Besides 
these forms, amorphous calcium oxalate was observed, and 
also some long, columnar crystals of oxalic acid. By allowing 
the calcium oxalate to settle, and decanting and crystallizing 
the clear solulion^ the bent and cleanest crystals of hydro- 
badiiiti oxalate can be obtiiiued, of tolerably liirge size. 

Mfdro-gtrontium oxalate (Figs. 19^ 20), lh>m strontianite 
and oxalic acid, gave very small crystals, somewhat re^em- 
hiing tbose of bydro-calcitim tartrate, but apparently with 
much flatter angles. One form, Fig. 20, seemed to be made 
up of prism, piuacoid, and domes, probably ortborhombic or 
monoclinic. Other crystals, probably pyramidal, appeared to 
be minute rhombs (Fig. 19), sometimes in groups. 

Serrom oxalate (Fig. 21), from siderite and oxalic acid, 
gave yellow crystals, exceedingly minute, but nevertheless 
quite distinctly outlined. Their form was prismatic with a 
flat or basal termination. 

The same crystals were abundautly obtained from aukerite 
also ; but the crystalline mass was of a lighter yellow than 
that formed from siderite, owing to admixture oi calcium 
oxalate. 

Formate of lead, from cerussite and formic acid, crysfallized 
in quite large nricnlar forms, sharp and trauspareut, but 
tenoinated with rounded iiices, the exact nature of which 
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conld not be detennined. Hie eiystils are generally oopi- 
paratively short and etoat^ bein^ quite different from the 
hydro-barium tartrate, which is almost capiUaiy in character. 
Some of the larger ciyatals of formate of lead are thick and 
doudy, apparently tnm the preeenoe of microlitee and fluid 
cavities. 

Calcium eUrmte, from citric acid and cahsite, had no cryatal- 
line appearance^ being in the form of very minute masses, 
and ia probably amorphoua aa thua obtained*" 

METALS AT7D OBGAKIO ACID8. 

11. Tliat ritrii and tartaric acids dissolve iron and zinc, 
with evolution of hydrogr^n ^aa, is a well-known fact, stated 
in many handbooks of chemistry.* 

Crornniydiw has recently taken advautap:e of the sohibility 
of zinc in oxalic acid to prepare ^rlycoUic acid (H.CjH.Oa), 
a reaction in which nascent hydrogen plays an important 
part..t 

In repcatinjor and extondinjr these ex[)eriments we have 
made the following olt.sei\ aliuii8: Iron, zinc, and nia^esiuiu 
dissolve readily in cold saturated solutions of citric, tartaric, 
oxalic, and malic acuis. as well as with formic (Sp. Gr. — l.WJO) 
and acetic acids (Sp. Gr. = l.O'JT), evolving hydrogen more or 
less freely; on heating, the action hetronies violent. Magne- 
siiim is attacked by citric and other acids violently, the 
liquid bec^minji: much heated. 

A cold saturated solution of citric acid, diluted with h ill 
its volume ot water, attacks zinc slowly in the cold ; on boil- 
ing, hydrogen (Hunes otl" freely and continues to do so after 
cooling for a lonj^ tinu' ; the disengagement of gas l)eing slow 
but steady, and under favorable conditions la.siing for twenty- 
lour hours. If the solution becomes very concentrated, an 
msolubie citrate of zinc precipiLatcs, soluble, however, in 
water. 

Tartaric acid acts on zinc feebly in the cold ; on bmling, 
solution ensues, and at the same time the hot liquid becomes 

• Cr. HnidwOrtCftaebderCbeal*, MtUto "CltfomliinL" 
I BolL MO. eMB., nvli, p. 9, len. 
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milky horn the formatiaii of an inaolable tartarate of iliic ; on 
oooIiDg, the solutum beoomes clear and a predpitate settles. 

Oxalic acid in conoentrated s<diition attaeks smo in the 
eM immediately ; but the action soon ceases, owing to the 
smrlMW of the ainc becoming coated with a qaite insoluble 
sine oxalate ; on heating to boiling, the evolution of hydro- 
. gen ia reemned, bat is again airested in a short time from the 
same cause* On cooling, a fine precipitate fonna.* 

* 

BULPHIDBfl. 

12. After experiencing the solvent power oi organic acids 
described in the preceding section, we were prepared to dis- 
cover many suli>lii(U s yielding: to tbem, though we confess to 
surprise at finding this ac tion taking place even in the cold. 
Such is the case with four out of the eighteen sulphides 
selected for exaniinutioUj viz. : stibnite, galenite, sphalerite, 
and i>yrrhotite. The tests were made aa follows : the pul- 
verized liiinerals were placed in test-tiihes, a concentrated, 
solution of citric acid was adde(i, an(i a piece of pai>er moist- 
ened with plumbic acetate was suspended in each tube, which 
was then corked. Alter standing twelve hours at the ordinary 
temperature, the blackened test-papers gave evidence of the 
decomposition. Sphalerite seems to be the most readily 
decomposed, the sulphureted hydrogen coming oft immedi- 
ately. On heating, the disengagement of sulphureted hydro- 
gen Is very marked^ with boiling citric acid, bomite and 
bonmonite, in addition to those just mentioned, yield sulphu- 
reted hydrogen. One sample of argentite, containing min- 
gled galenite, gave a reaction for sulphureted hydrogen ; but 
I ■ .111 — 1^^— 

* SipertiMiito ««w mmS* to tart the apiffleaUlltj of dk«M n«Hi«dt of gvntnlliir 

fefdrogen to the detaOlllNlof araealo hj MarHb'ii appantnt. IT h solatton contaioiDK 
ar»«nio \)« introduced Into a fliuk in u hlcli hyilru^ea U evolred from the action of oltrlo 
•old on siuu, ibe di»eogag«meut gaa in grvatlj an^ented aad aneoeted hjrdrog«ii 
fiimtatOBeo. Owlngto tka Inperbet aohdrilitrof also dtnta, the Mtlon aoon eeaaaa. 
With tartaric aclil tbo wittic objection arises, while oxalic acid Ib out of the qnt >it!(m. 
Tbil dUBoaltj dona not appljr to magneslain, wbiob OAlfbt b« etnplojed in an appaiatoa 
dmOw to tl»t deoerilMd lij Dr. Joba C. Dnpor (Ameriom Clmnlit, IT, 4S6). 8j wliir 
distilled mafrneaium and re-crritallijsed citric acid, the absence of aiMntOlD tlio motaritla 
ONd for toxioologiol raoaroliM could 1m plaood bojoud aoa|dotoiu 
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a purer specimen was not attacked. With bonraonite the 

reaction is feeble. 

Pyrite, marcasite, molybdenite, chalcocite, cinnabttTi ftrgeii' 
tite, niccolite, smaltite, chalcopyrite, ullmannite, arsenopyrite, 
and tetrahedrite resist the action of citric acid. Tartaric and 
oxalic acids act in a similar manner, both in the cold and on 
boiling. A comparison of the beha^ior of nine erganic aoids 
with atibnite gave the following reealts: 

(a) Stihnite heated with citrie, tartarie, and oxalic aeidi yieUa anl- 
plinreted hydiQgnk freely and goee into solntioD. 

(ft) Witli iimlic, benzoic, and pyrogallic aoida, aalphuieted faydragen 
eotncfl off feebly aiul the mineml disHolvr.s impprfertly. 

(c) With formic aud acetic acids uo gae is evolved and the miueral i» 
not dissolved. 

(<i) With pierie aoid no gaa ia evolved* bnt tiie minetal is partially 
disedlved. 

It is noticeable that the liquid acids are i>owerle88 to effect 
decomposition. (§ 8.) 

13. The action of the organic acids on mineral sulphides 
is not so decided as that of the mineral acids ; but this is no 
disadvantage, since it affords additional means of determining 
them. On examining the reactions recorded in the preceding 
section, it will he found that boniite and pyrrhorite are decom- 
posed by citric acid, Avhile their kindred compounds, pvrite 
and chalcopyrite {as well as chalcocite) are not. In onler to 
establish satisfactorily this difference of behavior, several 
fipecinieus of each of these nuDeralB, from various localitieai 
were carefully tested. 

(«) Foot aamplea of 1»ofnite were heated witii a eonccntnted aolntien 
of citrio aoid, and each gave » etiong Teaction for anlphonted hydiogen; 

of foiir specimons of clialoopyrite, treated in the eame manner, two gave 
no traopK of this gas, and two gave mere tracee on ]oT\fi boiling j thi^ 
sam{>les of chalcocite yielded no traces of sulphureted hydrogen. 

(6) Three specimena of pyrite heated, with citrio aoid gave no tracee of 
the gaa» and three of pyirbotlte Ubemted it both In the ooM and IMy en 
boiling. On the other hand all the specimens named are decompoMd by 
bydiochlorio aoid, except one apeoimea of pyrite (fima Gemuray). 

It is evident, tbea, idial dtrie Mid mi^ be used to distln- 
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^iah pyrrhotite from pyiite, and bornite from ohalcoeite or 
ohaloopyiite. The presence of galenite in argentite may alao 
ba ascertained by this method, since the former yielda 
even in the cold, while the latter U not deoompoeed on 
boiling. 

OXIDES. 

14. A few of the mineral oxides exaiiiiued are attacked by 
the or^^auic acids in the eohl ; brucite dissolves slowly, but to 
a considerable extent, in cold citric acid; the manganese 
oxides, haiismanuite, pyrolusite, maiigauite, psilornelane, and 
wad, de('oiii])08e the orfjanic acid with evolution of carbonic 
unhydi ult^ ; the rea< tiou Uejjins in the cold, and on applying 
heat proceeds rapidly, with a lively effervescence. 

Ifanganite ia not so aolnble as theotbera, probably becanae 
the oxidizing power of the aeaqniozide is Icsa than that of 
manganese dioxide. The minerala are apparently more 
qaiekly and oompletely dissolved by oxalic acid than by eltric 
aeid. 

Zineite, cuprite, and limonite are attacked by boiling citric 
add, the latter but slightly. Hematite^ magnetite, finuiUioitei 
andchromite are not attacked. In testing these minerals, 
eonclusiona were based on the reactions of the filtrates; in 
employing ferroc^^anide of potassium to test the citric add 
aolations of the iron oxides, we observed that the organic acid 
exerts a reducing action on the ferrocyanide, and produces a 
bluish precipitate proceeding from this reagent itself. Thisia 
eapeciaUy noticeable on boiling, a light bluish-green precipi- 
tate forming abundantly. Tartaric and oxalic acids act 
similarly. 

The oxides behave with tartaric acid in all respects as with 
citric 

aUNDBT MINBSALS. 

IT). A few minerals not closely related were examined us 
to their behavior witli citric acid. Gypsum appears to be 
somewhat more soluble in a concentrated solution of citric 
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acid than in water. ' Apatite is lieebly attacked on boilinjc* 
Vivianite ia leadily soluble. Pyromorphite and anglesite are 
partly decomposed even in the cold, as shown by the behavior 
of the filtratea with hydrosnlphniic acid. 

Flnoritey cryolite, and aamarakite are not attacked, as 
might be anticipated. 

8ILI0ATX8. 

16. Those silicates which are decomposed by hydrochloric 
acid, either with (^r without the formation of a jelly, are like- 
wise attacked movr or h^ss strongly by a hot solution of citric 
acid. Tlie minerals \\ t re exaiiiined as follows : — ^ their behavior 
with strong hydrochloric acid was first ascertained, and they 
were then heated with a concentrated solution of citric acid; 
the solution becomes viscid by concentration, iiud the gelatin- 
ous silica is best seen by diluting with water and agitating. 
Very careful pulverizatiou of the mineral is in most cases 
indispensable. The solubility of the mineral was also tested 
by filtering from the silica and undissolved material, and 
examining the solution with an appropriate reagent. Owing 
to the power j>os.sessed by citric acid (in common with other 
organic bodies ) of preventing precipitation of salts which are 
otherwise insoluble, care was liad to select those reagents 
which were least affected ; in this we were aided by a talde 
contained in Dr. Hermann Grothe's paper entitled, "Ueber 
das Verhalten der Metalloxydautliisiiugen gegen Alkalieu l»ei 
Gegenwurt uicht-fliichtiger orguuischer Substanzen und ueber 
den Nachweis der Metalloxyde in solchen Losungen.'^* 

80 far as possible, color reactions were employed. 

The results are summarized below: — 1, signifying minerals 
which decompose readily ; 2, those which are attacked with 
difficulty; 3, those which resist the acid. Minerals which 
yield gelatinous silica are marked G, and those wliich give 
slimy or pulverulent silica, S. 



• Jonnutl nr pnkt. Chemlw. V<4. XCU. p. 17!>. 
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BEHAVIOA OV CKKTAUT BIUCATS8 WITB UCL AMD WITH CITBIO ACm. 



Mineral 



HC 



WoUaBtonittt 
Ghi3«olito... 

Olivine 

WUlemite . . . 
Weraerite . . . 
Chondrodite. 

Mdlto 

FMtoltto.... 
GhryaocoUa*, 
Calnmitie ... 
i'ri'hint*' .... 
Apophyilit*.. 



IG 

IG 

IG 

IG 

1-8 

IG 

IG 

IG 

1 

IG 
1 

IS 



MlNKKAL 



nci 



IS 
8 

3 

IG 
3 

1-2 G 

IG 

IG 

1 

IG 
2 

28 



Rhodonite 
NatroUte . 

Analcite... 

('h.ihazite. 

Stilhite... 

Serpentine 

RetiiuUtew 

Cbiysotile 

Deweylite 

Talc 

Epidote 

Orthoclaoe 



1 

IG 

IS 
18 
1 

IS 
18 
18 

18 
3 
3 
3 



1 

IG 

18 

18 

2 

18 

IS 



IS 
3 
3 
3 



In order to ascerUiu appi*oxiin;it«ly the comparative de- 
ctJinposiug power of the commoner organic acidH with silicates, 
two which yield reailily to citric acid and one whicU i» 
attacked with difficulty were selected for ti'eatment. The fol- 
lowing are the results: 

CalamlBtt. Hatnillt*. Fntolt*. 

IQ IG 9 

IG IG 3 

2 3 3 

IG' 1 3 

IG IG 3 

1 IG «-3 3 

« TerjrMloUs. 

Sinoe calamine and willemite are aometliiica dlstitigulshed 
by their beiumor with acetic acid— the former gelatiniEingand 
the latter giving slimy silica— it was thought of interest to 
examine their behavior with other organic adds. The results 
are given below: 

Calamine^ 

Citric Acid 1 G 



Citf c Add 

Tartaric " 
Oxalic " 
Fonuio 
M«lle 
Aoette 



<« 



Ozalio 

Formic 

Malic 

Aoetto 



u 
u 



IG 

IG 
IG 

1 G 



WtllemiM. 

.. IG 

„ 1* 

.. S 

.. 18 

.. 1 

.. 18 



* Solation b«Oi»iiio« rery niUky in appearMice. 
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DECO3IPOSm01f OF MINEIIALS BY OBOAIVIO A0ID6 AND 

OXIDIZING AOBNT8. 

18. Desiroiui of extending the use of or^auic acids in 
aitackiug minerals, we tried tlie efleft of uddingj oxidizing 
agents to the solution of the acid ; the results were Hatisfac- 
torv and prompted the following investipition : 

When potassiiiin, sodiuiUj or ammguiuui nitrate* is added 
to a boiling solution of citric acid, on reaching a certain degree 
of couceutratiou nitric acid is set free, and this immediately 
reacts upon the organic acid, decomposing it with evolution 
of gases. These gases proved on examination to consist of 
nitric oxide and carbonic anhydride; whether carbonic oxide 
is present was not determined. The reaction which takes 
place is very complex ; it may possibly be expressed thus:— 

4H,C,H.0,-i-6KifO,=7H,0+3K.HC,H»O,^60O,+3N,O, 

or admitting the formation of oxalic acid,* we may write 

11H,G.HA+ 16KN03=8K,HC, H,0,+3H,CA+17fl,0 

Potassiooi nitrite also deoomposes citric acid in a some- 
what similar manner, the action beginning in the cold and 
continuing with violence and a rise of temperature. The 
reaction may be expressed as follows : — 

9H AH A + 16KNO,=8K,H.C«H,0, + H,0,0, + 3II,() + 8X A 

. Or, abbreviating and disregarding the decomposition of the 
. organic acid, we may have 

H, C + 3KNO,=K, C+HNO,+ H,0 + N,0,. 

The nitric acid being then in a nascent rtnidition, it» prvjiared 
to effect oxidation in a most powerful nianncr, 

"When rlilorntc of potassium is substil lUt (I for the nitrate 
or nitrite, the decomposition begins on bciliiiL: flow?) tbc sobi- 
tion to small bulk, and proceeds very vigorously, the carbon ic 

* Walti* IH«tlattai7, I, floa. 



Digitized by Google 



anhydride disenpjaged be inff accompanied by a gas having an 
ex( ( s.Hively irritating odor and exciting tcnr;^ This peculiar 
Hubstance 16 probably the +^'jmf' ns that obtaiued in 1847 by 
Plantainour,* by the acti*»Ti ot chloiiiie on sodium citrate, and 
which was subHequeullv stiidifMl by Laurent, by Staedler, and 
by Cloez.+ The latter showed the irritatiug hody to h*' per- 
chionDated acetate of methyl, C«C1«0«, and explains its 
fcurmation m toiio\v8:| . 

HAH.O,+H,O+16Cl=C,C;iA+3OO,+10H0l. 

• 

Preciraly how the action prooeedB with potassium chlorate 
and citric acid we have not determined; it Is undoabtedly 
more complex than even the following equation indicates:— 

2(iK01O,+27H3C.HA=*^^'.Cl,,C),-f4n(JU,-|-4oH,0+8lv01+ 

l^sKH,(,il,(),. 

Taituric acid behaves exactly like citric acid with the ni- 
trate and the chlorate. Oxalic acid decomposes them in very 
c' TK Mutrated Bolutious and att^icks the nitrite very actively, 
probably in the following maimer: 

2KNO,+OTA04=2KHC.0,+2H,O+2CO,+NA. 
Acetic and formic acids do not decompose the nitrate nor 
the nitrite. 

19. These interesting reactions enable ns to attack many 
mineral sulphides with the greatest ease. With potassinm 
nitrite and citric acid, they are decomposed in the cold; 
with the nitrate and chlorate, only on boiling. Pyrites^ fbr 
example, in flue powder, is very quickly decomposed by these 
powerfhl agents^ and completely dissolved, save a little sul- 
fur. The solution contains ferric sulphate and hydropotaa- 
eium dtrate, while both nitric oxide and carbonic anhydride 
are evolved abundantly ; the reaction then may be formulated 
as follows:— 

* Banseliiu, Jahmbericbt Vol. xxvi. p. 

t AnnuiR do Ctilmii^ ct de Phyeique, (3) ztIL W ud 31). 

i Ct, Wa«»' Dictionarr, I, 1196. 



Digitized by Google 



26 Orgamie Aeidt in ike Examituaum of MimtraU, 

Of the eighteen sulphides selected for examination, all but 
two, molybdenite and iinnabar, are readily deeoni posed by 
heating with citric aeid and potasRium nitrate; stihnite and 
bournonite yield clear and colorless solutions ; aigentite and 
galenite, tnrbid and colorless solutions ; bornite, sphalerite, 
chaloocite, pyrrhotite, niccolite, smaltite, pyrite, chatcop^Tite, 
ullmannite, marcasite, arseuopyrite, and tetrahedrite give 
colored solutions not partienlarly eharacteiistic. The copper 
minerals, heated with a large propwtion of the organie aold, 
give precipitates of red oxide of oopper. The sulphur in these 
minerals is not completely oxidised by the potassium nitrate 
and a part floats in the solutions. 

Parallel experiments with citric acid and potassium chlo- 
rate gave similar results, but the action of the chlorate is 
slower. Tartaric add may be substituted for citric, and ap- 
pears to diflbr little in its solvent power. 

20. Although oxalic add decomposes potassium nitrate, 
only in the most concentrated solutions, yet the presence of an 
oxidixable body lilte pyrites indtes a reaction which eifeots 
complete decomposition of the sulphide, precisely as with dtric 
add. Potassium nitrate and oxalic add heated together give 
the following reaction : — 

2KiJO,+5H.CA=2KHC,04+4H,0-l-JS,0,-i-6 t'0,i 

and on the addition of pyrites we hare : 

2FeS,+ 12KNO,+13H,CA=Fes(SO,),+K,SO,+8H,0+ 
10KHC,O«-f6N,O,+6CO,. 

Binoe, howcTcr, the nitric oxide is evidently evolved in 
much greater proportion than the carbonic anhydride, tlu^ 
following equation probably expresses the actual reaction with 
greater accuracy 

6PoS,+32KNO,+20H,CA = 3Fe,(SO,),+3K,SO«-i-28KHCA 

To decompose stdphides with oxalic acid and potassium 
nitrate, the best results are secured by boiling the two reagents 
together for a short time and then adding the flndy pulverised 
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mineral; a violent action sets in innnediatrly. In Htudying^ 
the rationale of the above-named decompoHi Lions, we (li?it*x)v- 
ered that many sul phi ties are attacked by an aqneoua boiutiou 
of potassium nitrate (and nitritt' without the addition of acid ; 
this unexpected result explains salistactorily the violence of 
the deeomposition of the sulphidea by the mixture of reagents, 
many forces being 8imnltaiie*HisIy brought into play; the 
organic acid, while able to decompose the potassium nitrate 
alone, acts at the same time as a solvent of the protiucts 
resulting from the decomxiositiou of the sulphide by the 
nitrate. 

This explains also the fact that the comparatively weak 
acids — malic, acetic, and formic— which do not of themselves 
decompose potassium nitrate, are able to dissolve the sulphides 
in the presence of the latter reagents. We arc now investi- 
gating the behavior of certain minerals with these and other 
saline solutions, and hope to present the results in a future 
paper. 

We have applied this method of attack to several other 
dasses of minei-als, but without much advantage. The oxides 
of iron, magnetite and hematite, as well as framUinite and 
ehromlte, resist the oombiDed aetion of the mixed reagents. 
The decomposition of sQicateB ia not notably faoiHtated. 
Limonite ia feebly attacked. Uraninitei however^ diasolvea 
completely and rapidly in this mixture of ieagents» 

The remarkable solvent power of a mixtme of nitrate of 
potassium and citric add is forther demonstrated by the fiiet 
that metallic copper, silver, lead, tin, bismath, and antimony, 
as well as magnesium, iron, and sine, dissolve therein with 
move or less rapidity. 

Alomininm resists this mixtnre of reagents:— the alchem« 
istrf dream of an aleahetty or universal solvent, is therefore 
only partly realised. 

I>£COMPOSITION OK SILICATES v.Y OH ^AKIC ACIDS AMD 

AMMONIUM FLUOEIDE. 

21, A hot concentrated solution of dtric add decomposes 
ammonium fluoride, setting hydrofluoric add free; and if 
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■Oicfttea are proient, mtmy of th«in dUnolve with great fkeility. 
Thoae minefala which were hardly attaek<ed by citrio bM 
alone, vis. ; oUTine, werneritOy chondrodite, and prebnitei 
together with the following not previoiuily examined, ortbo*. 
dawy altytte^ labradorite, angite, diopade, hornblende, alman- 
dite, Bpodamene, kyanite, talc, and epidote, are more or lesa 
' readily deoompoaed. Of the latter, albite, labradorite, and 
aogite, diMolve quite freely , while epidote appears to be 
■lightly attacked by dtrio aeid alone. 

That this method of attack mnst be conducted in platinum 
vessels, goes without saying; the silicon evolved as a fluoride, 
may be detected by suspending a moistened glass rod in the 
vapors, causing a gelatinous precipitate^ To obtain afflrma^. 
tive results, it is essential that the silicates should be in very 
floe powder; the common ndoas, musoovite and btotitef which 
are obtained in polvemlent form with great dilBcoUy, appear 
to resist these reagents ; and ripidolite is but slightly attacked^ 
perhaps for the same reason. 

Tourmaline decidedly resists the action oS these reagents, 
as well as the fluorides, cryolite, and fluorite. Samarskite is 
not attacked. 

It is hardly to be expected that this method of examining 
minerals will be serviceable in field work, but it may preve 
applicable to quantitative analysis. 

SUMHA&Y OF U£»ULT8. 

22. The results of this investigation establish the hitherto 
unrecorded Ihct tiiat organic acids not only decompose a con- 
siderable number of minerals belonging to various groups, 
but they also possess a remarkable selective power as regards 
the degree of tbis deeoraposition ; to make this selective 
property of citrio add evident, and at the same time to present 
a condensed recapitulation of its action on the ninety minerals 
examined, we have drawn up tlie annexed table (p. 30). This 
table shows that citric aeid alone divides minerals iuto eight 
groups: A, those which dissolve in the cohl without evolution 
of gas; those which dissolve in the cold with liberation of 
carbonic anhydride; O, those which are decomposed in the 
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cold with liberation of sulphureted hydrogen ; D, those which 
dissolve in the hot acid without evolution of gas; E, those 
which dissolve in the hot acid with liberation of carbonic 
anhydride; F, thosf which dissolve in the boilill^^ acid with 
liberation of Hiili»hui*etrd hydrogen; G, those which are de- 
comi)o.><ed on boiling;, with forumtioh of gelatinous siliea ; U, 
those which are det'onii)os<Ml on boilin^^ with separation of 
silica in a slimy or a ]>ulveruieiit form. To tlit .sc ei^bt grou])s 
we may add three nion': I, those which are decomposed by 
boiling with citric acid and potassium nitrate: K, those which 
are decomposed by heatin<^ with citric acid and ammonium 
fluoride ; and L. those which are not attacked by any of the 
preceding methods. 

Under E fall five minerals, hansmannitc, manganite, psi- 
lomelane, pyrolusitt*, and wad, which dissolve raj)idly in hot 
citric acid and decompose it with liberation of carbonit; aidiy- 
4lride. Advantage is taken oi tliis reaction in the quantitative 
4inalysis ol' manganese dioxides. 

Notwithstanding the sharpness of the reactions by whii h 
many of the minerals are characterized, we do not regard the 
jinnexe<l table as a scheme for their determination, but merely 
as a general view of their behavior. The special cases in 
which minerals may be distinguished have been meutioued 
previously. 

Under L are found thirteen of the ninety minerals exam- 
ined; perhaps some of these will yield to these methods of 
attack by varying slightly the means of application. It is 
possible ahw that some of them may be <lecomposed by heat- 
ing with citric acid solution in sealed tubes under pressure; 
but this process of course is nut applicable to field work. 
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23. The applications of the methods of examiniug minernlf* 
detailed iu the prpoeding pages are, we believe, numerous and 
important. Many ot the reactions are simple, quickly applied, 
characteristic, and sensitive ; they may be used, as we have 
seen, in (bstni^^iiisliiii^ miiKTals nearly related, and {)rol»ably 
in 8ei)aratiii;: miiit'ials mnif^led in one R])e<'imeu. The methods 
will in all probability tiud useful apphcation in quantitative 
analysis, a point which we propose to test at sonn futun time. 
We have already employed a solution of citric aci(i in the 
analysis of limestones, tor ih«^ il ( termination of carbonic 
anhydride by loss. The evdliiiiim of uiis proc^'eds regidarly 
and the limestone IS (diupletely <iecomposed; citric a<'id pos- 
sesses an advantage over hydrochloric acid in being nou-vola- 
tile. Experiments to test the accnracy of tin? method were 
made with well-dried precii»itatcd carlK)nate of calcium, and 
gave residts difieriug by two or thiee tenths the theureti- 
cal jiercentage. 

By using the non -volatile organic acids in microscopic work 
whenever applicable, possible injury to the metallic mountings 
may be avoided, and iu certain cases characteristic phenomena 
may be observed. 

The importance of the application of these methods to the 
examination of mint rais and rocks in the Jield is evident. The 
testimony of various perKons as to the practicability oi blow- 
pipe work an<l chemical work iu the ticld didcrs greatly, some 
claiming that it is valuable and easily iu < iiinpUshed, an<l others 
that it is altogether impracticable. Trofessor Geikie, Director 
of the Geological Survey ot iScotiand, mentions as a valuable 
addition to the geologist's outfit, a small bottle of weak 
hydrochloric acid, carried in a protecting wooden box or case, 
of use for testing carbonates;" antl he quota's Sir William 
Logan avs enjploying acid to t^^st the material adhering to » 
^Mimestone spear|'^ with which the underlying strata can be 
probed.* 

We propose, therefore, the substitution ot a stout paste- 
board b*)x, containing solid citric (or tartaric) acid, for the 



* Scienc« Lectorea at SouUi KenaingtoD: OnUiaei of Fieki Geology. 1877. 
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usual glass bottle of licpiiil hydrochloric acid, and th«' addition 
of potassium nitrite to the usual list of dry renmnts contained 
in poi taltlt blovv-piiie cases. Since citric acid Boiution decom- 
poses potiissiiim nitrite in the cold, we can carry nitric aeid 
pi*acticaliy in a solid form; hydroi)otas8ium sulphate, already 
in use, furnishes sulphuric acid in a solid state; and it only 
remains, therefoi'e, to provide for hydrochloric acid. Oui* 
experiments have as yet failed to solve this problem directly ; 
amuiouium, sodium, and potassium clilondus api)ear to resist 
the action of the or^'anic acids. Iodine, ou the other hand, 
while much less i)o\verfnl than chlorine, possesses similar 
properties, and will form a valuable addition to the list of dry 
reagents; in aqueous solution it attacks mauy sulphides, mid 
gives use to characteristic phenomena. Iodine water was 
employed as early as 1858, by Professor Henry Wui tz, to scj)- 
arate pyrrhotite from i)yrite;* but he did not extend its use 
to the determination of minerals, a question which we are uow 
engaged in studying, and which has already yielded very 
interesting results. 

Citric acid, potassium nitnte, and iodine, then, added to 
the reagents in common use, — borax, sodium -carbonate, 
potassium C3'anide, ammonio-sodium phosphate, test-lead, tin, 
and an assortment of test-papers, iududiog acetate of lead 
paper, together witli as mimy of tiie solid reagents used iu 
solutions as si^ace will admit^ would complete the oatfltof 
dry reagenU for wei tauiilfiU and for blow-piping. 

A pocket ease, made of lacquered tio^ 20 eou long, 5 
em. wide, and 2.3 cm. deep, containiug pasteboard boxes 
(pill-boxes) of citric acid, potassinm nitrate, dried borax, and 
sodium carbonate, together with a few simple requisites fbr 
blow-pipe work, has been used by the writer in short mineral- 
ogioal exeunions with great satisfiietlon. To eany ott the 
examination with solutions, we are also provided with a paste- 
board case, cylindrical in form, 14 cm« long, containing fly« 
atoat test-tubes, fitting one within another, like a nest of 
beakers; the interior tube is open at both ends, a cork inserted 



• AB«loMjMiMl«r8alnoik Ctt nrl, 110. 
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tightly in the centre of the tube divides it into two coni])art- 
BieiitSy one of which is filled with pulverized citric at id and 
Hie other with potaaaium nitrite, to be subsequently dissolved 
hi water obtained in the field. This simple 'arniTip:eniriit, 
greatly economizing space, will naturally suggest itself to all 
working mineralogists, and would scarcely be worth mentioD> 
ing were not wet-analyses commonly regarded as impractioable 
in field work. 

In proposing the use of organic acids in this connection, 
we are aware that they already occupy a place in the listvS of 
"Special Reagents" contained in the lar<(or treatises on Blow- 
pipe Analysis. Plattner* mentions tartaric acid^ but limits 
its nse to the separation of yttria and ziroonia (by ammoninm 
solphide) ; and he names oxalic acid as employed in the pre- 
cipitation of lime and in tjie separation of iron and uranium 
from yttrium, cerium, and lanthanum. To remove the organic 
acids from this restricted use, and to accord to them a more 
important position in the list of reagents, is our aim. 

Ari»LI('ATION TO GEOLOGICAL I'lIKNOMEKA. 

24. This uewly developed i»ower of tlic organic acids has 
undoubtedly an important hearing on the chemistry of geo- 
logical change^:): organic acids, resultiiij; from the decomposi- 
tion of vegetable and animal matter, demand recognition as 
poweriiil agents in the work ot dihmlegratiou and cousoli- 
dation. 

Many ut the results attni)uted to the imperfectly 8tudie<l 
bodies, geic acid, OaoHiiO; , humic acid, ('.^,I1,,06, and iilmic 
acid, C.„H,4(\t — a.s well as the oxidation products, creuic 
and apocreiiic acids — are perhaj)8 the silent work of a higher 
class of organic acids. 

That such acids constitute ingredients of the soil, is well 
established: "When the leaves of beets, tobacco, and other 
large-leaved plants, fall upon the soil, oxalic and malic acids 

* rkttner^t UticuMl, tnuuteM bf Prar B. B. CornvAll, thM wlttlOB, n and M. 

m& 

t Holder. Aaii. Chem. Pharm., zxxri. 243. 1840. Detxner uoribM 10 bvaiiQ aoid 
tho formula <;.« U^^Oj.. and r«g»fdt faomle uUI aliDlo M>ld M ld«iitl«mii aoil|MlltlM . 
C£ W«t($' Dtot., n Sappl.. 648. 
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may pas^s into it in considerablf quantity. Falling fruits may 
give it citric, mtilic, and tartaric acids." *' Formic, proinonie, 
acetic, and butyric acid.s, t)r rather their salts, have been 
detected by Jonqrhlwd nml otherfi in f^arden -earth. The latter 
are common products ot fermentation, a ])rocess- tluit goes on 
in the juices of plauts that have become a part of the soil or 
of a compost." • 

How far these organic bodies assist in disintegrating rock 
material is larerely a matter of conj^'cture ; that they do exert 
considerable mlluence may be conclii(l< <l from the existence in 
the soil of the iilmates, huinatcs, apocrenat^s, and crenates of 
potash, soda, ammonia, lime, magnesia, iron, manganese, and 
alumina. We have, moreover, numerous instances of min- 
erals containing organic acids in combination: 

Berzelius and other chemists have remarked the occurrtmce 
in marshes of compounds of iron and organic acids, of uude- 
terniined composition. Prof T. tsterry lluntt describes limo- 
nites containing from 12.5 to 15 per cent, of hnmic acids ; Dr. 
George A. Koenig,t in an investigation ol rli** <'ause of the deep 
green coloration of amazon-stone from Pi I t s l»cak, concludes 
that the ( uloiiag matter consists ol .>onic i oiiiixjuad of iron 
with an organic acid, the nature of which he has not yet de- 
termined. Dr. Gideon K. Aloore, in a paper on Crj'ptocallite, 
recentlj" l)resented to the New York Academy of Sciences, 
refers to moresnetite containing iron combined with some or- 
ganic acid. Forster§ conjectures that the color of smoky 
quartz is due to the presence ot an organic substance coutain- 
ing carbon and nitrogen. 

To these scattered notices may be aiidcd the small number 
of minerals, mentioned in Dana's System ol Mineralogy, of 
which organic acids form constituents : 

Whmellite, calcium oxalate, occurhng in sumll cryatais on caloite. 

Tkiar9(M«f anotlMr ^m^iji?™ oxalate, Ibmung an opaline inernataliieii <» 
the marble of fbe Partbeiioii aft Affaene. Its ori^ ia atlclbated to the 
.motion of vegetation on marble. 



* Prof. S. W. Johoaon in ' How Crop* Feed." Kew Vork. lUli). 
t 0«ol. Gaaiila, 1863; 810. 

: Proc. A end. Nat. Sci., Phttad«lpbU, UM, f. U& 
i Po^g-, Ann., oxUitf 173. 
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Humbaldtimf hjdioas ferroiu ozAlaie, forming aa inonutatiou oii browu 
coal. 

StUfeMtt, or MnlMr, containing to 6 p«c cMit. niooinio add. 
MeOUif or liydrons nwllitoto of alnminay oooteining over 40 per oent. 

of the organic acid. 

Pigotite, a m\t of aliiinhm und madeacOQS MOid (Johnston). Formed on 
granite hy the action of wet vegetaticm. 

To tiiese belong also the peculiar mineEnds groaped by Dana 
imder tbo name Add Hydrocarbons, found in peat*bogs and 
in bfownjooal, and containing tbe ill-defined bodies, geooerio, 
georetinic, and bn^pro-limnodic adds. 

25. The manner in which aiiicates are decomposed and 
silica rendered soluble for the use of the vegetable world, has 
been a subject Of mnch investigation. Friedei and Crafts,* in 
their remarkable researches on the ethers of silicic acid, and 
Friedei and Lad6uburg,t in a paper on silioo-ptopionic acid, 
have given a new insight into the functions of silica and its 
transfoimatiou.s in the orgiinic ktiigdont. The readin<r <>f the 
latter paper before the French Acadeniy of Sciences, June 27, 
1870, exdted a lively interest; the authors describe silieo-pro- 
pionic acid, Si CA^«H, as a white amorphous body closely 
resembling silica, insoluble in water, and soluble in hot con- 
centrated potassium hydrate. Thin communication drew from 
M.Paul Thi'nardf a remarkable aTiiiotinrement with re8i)ect 
to the solvent power of nitro-huinic acid § on silica; he stated 
in sul)8tanc»* that tlie dark colored acids of the soil consist of 
a mixture of acids of the hiimic and uitio-bnTnic series, which 
contain a notable amount of silica, the amount varying from 
7.6 to 24 per cx'nt. ;':nifl he conjectures tliat aei«is of th^* 
"nitio humic series t'ovui s)>(iiit;iin'(msly in the 8oil at the 
expense of the humic acid, the ammonia of rain water, nitro- 
gen of the air, and of the silica pre-existinj; in the soil." 

Dr. J. 8. Newberry, in a private comnumication to the 
writer, describes the peculiar manner iu which quartz pebbles 

• Bull. BOO. chlm., V, 174, Z» (IMQ. 
t ConptM Baadu. LXX, 14U7. 
: Cenplw Smdw LXX. 1419. 

I In trnanlating addr azhunuqui' " by the term iiitro-Iminir ficid." wc follov 
mMND, bat w« are of th« optnion that " uo-homlo acid " would be more oorreot, silHMtt* 
vh4 *'idtK»>haBl0" im^M (ha exUt«io« of a " lUtro " radical, NO,. 
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found at Keyport, N. J., In a day very rich in carbonaoeouB 
mattm, are «Eoded. All lihe aharp angles on these pebblea 
bave been nmnded, and the amfiioeB ate more or lees deeply 
pitted, as if by some aolvent He has also observed other 
phenomena of similar chanMster, which he coffee tares should 
be ascribed to the action of organic adds. 

These references would be incomplete withont mention of 
the geneiTili/.atidTis of Prof. Henry Wiirtz, whose " Scheme of 
the GeogoDic iMi(;:ratioD8 of Silica throughout the Kingdoms 
of T.ife^^* shows thoughtful study and novel views. 

Taken as a whole^ the information resjiecting the part 
phiyed by organir acids in the changes taking place on the 
earth's surfac e, is but small : are we not justified in the belief 
tlinr some of the reactions disclosed by our researches may in 
the hands of chemical giH)logi8ts famish material fiir general- 
izations of no small value t 

Finally, we are couscious of having treated but a very 
small nu!uber of minerals, compared with those which remain 
to be studied; our aim has been to place the methods of 
examiuation on record, rather than to exhaust the resources 
of mineralogy. 

We take pleasure in acknowledging the services of Mr. 
Edward W. Martin, a student in the Chemical Course at the 
School of Mines, who has kindly assisted us in a portion of 
these researches. 

School of Minn, Columbia College, 
New York, 

* AmeriMUi ChemUt, I, 'J06. 
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Mtcro-crjistaUim FreoipitateSf qf, pp» 14^18. 



Figs. lto6 Tartftrie add. 

Figs. 7 to 13 Hydio-caleiiim tarivate. 

Fig. 13 Hydro-barlnm tartrate. 

Figs. 14 to 16 ....Hydro bnnu in oxalate, £roiu witherite. 

Figs. 17, 18 The aamei from baiyto-caleite. 

Figk 19, 90 HydionttODtliiiii oxalate. 

Fig. til FeiToas oxalate. 



Kan.— czystala vary in size, according to temperature and time 
of formation, and were DOt drawn by exact nieasurement. For the large 
crystalH, i\gH. 14 to 18, a 1^ inch objective waa used; figs. 19, 20, uud 21, rb- 
qoired a \ ; the othera were eaaily seen with a f . 
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l.^Applieaiiofi of Or<jan\e Acids to ths ExtmituUion of Minerals. 

[S«cond PftperJ 

BY H. <^ARRIN»TOK BOLTON, PH. D. 
KMd imumtj Mb. im 

:2C. T]ie bclmvior of minerals with orgnDio acids bus already 
formed the subject-matter of two papers read before tbe Academy 
in 1877 aud 1B78, and we now present tbe resnltsof a continna- 
tion of our researches. 

In our first pai)cr* we described several. new metliods of attack- 
ing minerals, aud their a])p1ieation to ninety-five epecimens; in the 
following ]>age8 we extend the investigation to one hundred and 
six- iulditional minerals. These methods of decomposition were 
as follows 

1st. Treutnit'iii with a cold >atnrntc(l solnti<»n of oiti'ic acid, 

2d. TrcatTnent with a boilitif^ solution of the .^anic 

3d. II ; 1 n<r with a satnrated solution of citric acid to 

w lucl] sodium nitrate is added. 
■4th. lleatin;: with a iJaturated solution of citric acid to 
which ainmoninni fluoride is added. 
And in u second ]m])er, under another title,t we added a fifth 
reaction : — 

5th. Heating with a concentrated s^jhition of citric acid to 
which potassinm iodide is added. 



• ADDiis .N. Y. Acaii. ScL, Vol. I, p. I. 

i Behttlnr of Nalortl SnlpbtdM with lodlno and other R«ag«Dti. Aoaala K. Y. Aca4. ScL, 
V«l. I. n. ISS. 
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fc»imilur if}nctioii8 with oxalic, tartiiric, acetic, and other or- 
gimic acids, were described in the first paper, but preferenoe is 
given to citric acid on account of ita greater solvent power« 

Mincmls belonging to several gronps were submitted to these 
processes, and gave phenomena which may be summarised as 
follows : 

1st. More or less complete decomposition and solution of 
oxides, phosphates, etc., without formation of precipi- 

tiites or liberation of gases. 

Sd. Complete solution of carbonates with evolution of car- 
bonic uulu'clridc. 

dd. Decomposition of sulphides with evolution of snlphuret' 

ted hydrogen. 

4th. Decomposition of sulphides with oxidation of the sul- 

l)luir. 

dill. Afore or less ])rrfi('t dcfunijiosition of silicates with 
>c'))aration of either slimy or gelatinous silica. 

Gth. Decomj)o.«iti<)n of certain species by reagents forming 
cliaracteriatiu i>recipitate8. 

7(1). \\ hollv nefjutivc action. 

'JMh fa( ts denionst rati'd that eitric aci'i lias a power of de- 
eoni])().smg iniiu'ral.s little less than that possessed by hydro- 
chloric Hcid. and that this very difference in degree gives the 
organic acid aii advantage over the mineral acid in the determi- 
nation of species. 

Tins pieuliar selective power of citric acid rendered de- 
sirable a fun her stndy of its acliou on a larger number of mine- 
rals : the following li:?t contains the names of the species which 
have since been submitted to the process named, together with 
their formulje, condition, and localit}'. 

Within the groni^. — I. Sulphides, Arsenides, Tellurides, etc., 
— II. Oxides. — III, Silicates, and — IV, Sundries, the Inin^ial^* 
arc arranged in tl>e ovtler in which they are given ui JJuna's 
►Svstem of M ineralorfv. 

We desire to ex})ress our thanks to Prof. Thomas Eglofton, 
of the School <d' Mines, Columbia CoUesfe, who has again placed 
ut» under obligations by supplying nuuiy of the rarer minerals. 
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28. The mincmlg of the foregoing list were submitted to the 
action of the following reagents snccessirely : (1) A eolulion of 
citric acid saturated at the temperature of the laboratoiy, suy 
65^ to 70° Fahrenheit; this wo call simply "citric acid.*' 
(*^) The same solution to which solid sodium (or potassium) 
nitrate is added, which for convenience we shall call the "nitro- 
citric mixture " (3) The same solution to which solid potas- 
sium iodide is added at the time of testing, and which for sim- 
plicity we shall designate as the "iodo-citric mixture.*' 

Tlie action of these reagcntc^ wus studied in the simple manner 
detailed in our lirst paper. The mineral to be examined was 
carefully freed from its associated gangue and finely jiul- 
verized in an :i;:;iti' ni(»riar; a portion Avn? ]daoed in a test-tuhc, 
tlie solution of the aeid was aildcd. and the resulting phennnn nM, 
in the col<l. and on hoilinir. eaii'fully noted. In nnmy instances 
the partial deeompo-^it ion of the mineral was ascertained by filter- 
, ing from tiie residue, and testing the solution with an appro- 
priate reagent ; or by examining the disengaged ga« with a suit- 
able tcst-pupcr. 

8L'LruiiJi£6, Arsemuks*, etc. 

29. Minerals of this group treated with citric acid alone, 
yielded results as follows : 

(a) Clausthalite and leaoopyrite dissolve in the cold with* 
out liberation of gas. 

(b) Alabandite is very strongly attacked in the cold, with 
evolution of snlphuretted hydrogen. On applying heat 
it is wholly soluble. In this respect alabandite appears 
to be the most easily decomposed of all the sulphides 
yef examined, 37 in number. 

(c) Boulangerite, jamesonite, and kermcsitc are more or 
less attacked by boiling citric acid, yielding sulphuret- 
ted hydrogen. The remaining minerals of t\m irroup 
resist tl)p acticm of cold or hot citric acid. Sulpiuir is 
absolutely unattacked even wlien the citric acid solu- 
tion is heated to the rnelrini: point of the eh^nicnt. 

The iiowerfal solvent action of a mixture of citric acid and 
sodium nitrate waa discuaaed iu our first paper (ll>), here we 
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need only add that the intcuBity of action claimed for it is fully 

maiotAiuGd by later rcsearcheB. 

(lO All the miDerals of the first gi'onpy 25 in nnmbcr, with 
three exceptions, dissolve in the nitro-citric mixture 
rapidly and complotoly, several of them yielding soln* 
tions of characteristic color. Even sulphur itself is 
decidedly attacked, with formation of sulphuric acid. 
The exceptions are realgar, orpiment, and proustite. 
(e) Two of these, realgar and orpinient, are partially de- 
composed by boiling with the iodo-citric mixture. 
Proustite and sulphnr'resist even on prolonged heating. 
All the remaining minerals of this group are quite 
readily dissolved, the decomposition of the sulphides 
bcin£r accompanied by liberation of sulphuretted hy- 
drogen. 

The differentiating power of the?e solvents is a^^ain exhi!)it('d 
by the!-'e nattions. In our first we t-liowcd, tlint wliiie 

bor!\itr and jiyn liotite are decomjio,<i (l }>y citric acid, their kin- 
dred cujnpuiiiu]>, chalcopyrite and i>yrite, are nor. (13). We 
now find that proustite resists compU tdy the decani posinir solu- 
tions named, while pyrargyriie is decidedly allaeked )>y the 
nitro-citric mixture ad well as by the iodo-citric mixture, even 
in the cold. 

This difference in behavior of the two closely allied minerals 
was established by numerous determiuatious. 



30. The oxides examined iuclude such stable minerals m co- 
rundum, si)inel, chrysoberyl, cassiterite, rutile, hyalite, and 

quart/^, wliieb naturnHy resist those methods of attack. 

(i innmile is attacked l)y cold eitric acid, and melacoiiito and 
goeihite are soluble to a certain extiwit on heating. MoDaecanite 
and wa>hiiigioni{e ari' fet'lily attacked liy thu nilro-eilrie mixture 
and strongly by tlie ind(»-eitric solution. This hitter also 
strongly attacks Ijraunite and goethitu. 
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Silicates. 

31. Silicates arc vorv inn (dually attacked by citric acid as well 
as by mineral acids. 

(a) Nephdite, Isipis lazuli, laumontito, heraclielitc, ihoin- 
8onite,' mcsolite, and prochlorite, are decomposed by 
citric acid in the cold» a portion of them with fcrnna- 
tton of a jelly. 

Tephroite, ilraite, gieseckite, jefferimte, heiilanditc» and 
genthite, are strongly attacked on boiling with the citric 
acid alone. Purgasite, pyrope« almandite, eoloi)l)onit(>, 
plilogojiite, hastito, masonitc, and allanite (?), are feebly 
attacked. hk>me doubt obtains, however, as to ttie last 
named, because tlie specimens examined were jmrtially 
dec(»m]K)««ed on the stirfacc. 

{b) The addition of sodium nitrate to the solution of citric 
acid does not notably increase its solvent power as re- 
spects silicates, but the addition of potassinm iodide 
aids decidedly in effecting their decomposition. Tiio 
iodo-t'itric mixture strongly attacks the carnets named, 
as well enstatite, hypersthene, pargasite, epidotc, 
and tliosi' named in paragraph 32. 
The fi ldspars rusi^f these reagents, yet orthochise uiul lahra- 
dorite give uj) iron lo them. Petnlife, actinolife, asl)ustut^, 
beryl, ziicon. ve.suvianiie, zoisite, iulito, Icpiilolito. li-iieitc an- 
dalusite, filuitlite. topaz, titanitc, staiirolite, and kaolin, t-itlu'r 
wholly resist or give lo the utLa^kiug solution only a traee of 
iron. 

The variety of serpentine known as bowenite resists citric 
acid, while serpentine itself, of a normal character, is decom- 
posed. 

On the whole, citric acid attacks the silicates with a power 
nearly approaching that of hydrochloric acid. 

Revision of the Silicates. 

32. While carrying on tlicso researchc?: wc were continually 
compelled to combat the Hrmly grounded iinjjiTssinn tliut the 
organic acids are weak us ix*8|HK;Ui miuerol species. In cuuso- 
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qnoiicc of this prc-coiiccivt'd uotion, wo overlooked in our first 
paper tlic fuct, tliut the decomposition of many silicates takes 
place at ordinary temperature.^', luiving in fact applied heat at 
once when conducting,' the oxaniinutio!). 

A clo?:('r iiivoptiffHt ion. howi'vcr, sliow.s tli:it a saturated solu- 
tion of citric acid is al>lc t<j (Iccomjiosc many siiicaics in the etihl, 
even lu the formation of gelatinous silica. Tliis necessitated a 
revision of the silicatea named iu our tirst paper (IC), witli the 
following results : — 

(a) Willemite, poctolite, calamine, iiatrolite, wollastonitc, 
chrysolite, cliundrodite, chrysocolla, apophyllite, rljo- 
douitc, analcite, chabazitc, stilhite, aud deweylite, are 
more or leas strongly attacked by cold citric acid^ — the 
first four yielding a jelly. 

Dalolitc, prehuite, irer]>entine, chrysotilc, and retinalite, 
are attacked on boiling the solution. 

(b) The use of the iodo-citric solution as a solvent having 
been discovered subsequent to the examination of the 
silicates named in our first paper, a further revision of 
this group became necessary. The results are brii*fly 
as follows : — 

Olivine, augite, almandite, and epidote, heated with the 
iodO'Citric mixture, are strongly attticked. Ortboclaso, 
labradorifce, hornblende, and simdumene, are very feebly 
attacked, or yield only iron to the solution. 
Wenierite, albite, diopsidc, kyanite. talc, niu^fovito, bio- 
tite, ripidolite, and tourniuline, are not attacked. 
These chancres do not invalidate the accnracy of our j)ul»lisl)ed 
results, and are introduced simply to explain the cluini:e in 
ixisition of theiru miueralB iu the Tables ul the clute ol ihis 
l)aper. 

SUNDBT MllCXRALS. 

33. Under this head are grouped phosphates, arseniates, tung- 
states, sulphates, etc., as stated in the list given in (S7). 

A large number, chiefly phosphates, dissolve easily iu a cold 
solution of citric acid : these embrace the following : — 

Mimotitej triphylite, triplite, libethonite, oliveuite, ataca^ 
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nut(>, psi'iidumaluchitis wuvollite, phonnacosidente, tor- 
beniitc, aataiiiu*» nlcxite, oryptomorphito^ and broch- 
aiitite. Wnlfonite and crocoito are strongly attacked 
on boilings the latter yielding a green Bolntion, on-ing 
to the reducing action of the oi^nic acid on the 
chromic acid. 

Columbite and wolframite aro attacked by tho iodo>citric 
mixtnre, at least so far as partially to dissolve the iron which 
furms one of their constituents. 

liubueritc is attacked bv tlie nitro-citric mixture; while scheel- 
ite, baritc, celestitis anhydrite, and graphite, resist completely 
these metliods of attack. 

Naiive Kleinenh. — In onr first paper we called attention to 
the solvent power of the nitro citric mixture, as shown by the 
fad that it dissolves metallic copper, silver, lead, tin, bismuth, 
and antimoDv. iKside^ iron, zinc, and magnesium, ('-iO); to this 
list we nuw add urscuieuiu and mercury. 

TaUUL^VTION of KliiiUL'l"H. 

84. In paragrajih (2-^) we gave a table showing the behavior 
of niuety minerals with citric acid and other reagents, arranged 
under eleven heads, viz. : — 

A, Minerals which dissolve in cold citric ncid without evo- 
lution of gas. 

B* Minerals which dissolve in cold citric acid with libera* 
tion of carbonic anhydride. 

C. Minerals which are decomposed by cold citric acid with 

evolution of sulphuretted hy(lro<ien. 

D, Minerals which dissolve in hot citric acid without evo- 

lution of tras. 

E» Minerals which dissolve in hot citric acid with liberation 

of carbonic anhydride. 
F. Minrrals' wliich arr decom])osed by hot citric acid with 

evoiuliou uf siilphurotted hydrogen. 
Q, Minerals which ai u decomposed by hut citric acid with 

formation of ^xolutinous .«i!ica. 
i/. Minerals which uru ilecumposed by hot citric acid with 

scx)aratiou of slimy silicu. 
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L Minerals decompoBod by boiling with citric acid and 

sodiitm nitrate. 
A' Minerals decomposed by heating with citric acid and 

ammonium fluoride. 
X. Minerals which are not attacked by any of these 

methods. 

To this we added, in a snbsetineut pafier, a twelfth group, 
viz. :— 

M. Minerals decomposed by heating with citric acid and 

potassium iodide. 

In the Tables accom])anying this paper we have fomhinod. on 
a simihir plan, tiic results obtained in tlie present and jirevious 
communications, thu.s irivinpr a coni])r(.'lieii>ive view (if the be- 
luivior of two hundred mmerals with ciuic acid. Tlje arrange- 
ment diffi IS somewhat froTn tlie fi>regoing ; "wc have re-ndju.oted 
tile silicates to accord \u;h facts stated in (32), and wc have 
omitted the reaction with aminonium Huoridc as of no im|Kjrt- 
ancc in determining species. 

To ascertain tiie exact position for each mineral hiw been no 
trivial task ; and should errors bo discovered, we crave indulg- 
ence, and bog our friends to remember the French saying : • 
" CeviX qui m u tr&tnpent jamais sont ceux qui ns font rten." 

Summary. 

85. The number of minerals examined, though cnn?iderable, 
if we regard the labor involved, is but small compared with those 
which remain to be treated by the^e methods, and any attempt 

at generalization must be corres])ondingly weak. 

It mav, however, beadmisBiblc to studvthe Tables with a view 
to determining whether tliere is any relation, yieeuliar to tho 
organic acid, between irs solvent power and the chenjical c(»nsti- 
tution of tlie minerals. This qiu>tion may be considered fmm 
two standpoints, corresponding to two methods of classifying 
minerals, viz., with reference to their acidic and to their basic 
constituents. 

{(t.) The first method of gr<)Ui>iiig the minerals is the same as 
that of the list given (2T) ; the (question applied to them may be 
answered thus : — 
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AU CArbonatos and plKisphutcs are deooinpascd by citric 
acid. 

Tho sulphides aro very nncqually attacked ; — two resist the 
solvents, three yield only to the iodo-citric mixture, 
twenty-two only to the nitro-citric mixture, and ten 
arc attacked by tho acid alone. The oxides and anhy- 
drons silicates are very unequally attacked. 

The hydrous sllicitos aire (with one or two exceptions) dc 
composed by citric acid :ilone. 
(/a) An cxnmiriat iini of tlio iniliienccof the basic constituents 
on tiic solubility discloses the following points. 

All the copper minerals are soluble in one or more of the 
solvents. 

All the nianguiu'>e luincjals arc dcconijnisod, — the sulphide 

and the silicjitcs with great facility. 
All the lead mincruKi are decumposed by citric acid alone. 
In some cases the presence of lead would seem to ren- 
der a mineral easily broken up ; this is marked in the 
case of the snlphitlcs, which, as we have seen, are very 
unef[ually attacked ; — thus selenlde of lead is attiwked 
and selenide of mercury is not; sulphide of lead is 
attacked, while sulphide of silver is not. The minerals 
jamesonite, bournonite, aud boulangertto (containing 
lead) are attacked, while tho closely allied species ste- 
phanite, tcnnantite, polybasite, proustite, bertliierite, 
etc. (devoid of lead) are not decomposed. 
These facts may possibly ]>oint to a connection between 
chemical constitution and solubility, peculiar to llie reagent 
employed ; but we offer the suggestion with dittidence, owing 
to the limited nnmbor of facts on which to base generalizations. 
Moreover wo fiml that the results obtiiined by the ;irrt/o??</^v/ action 
of citric acid on minerals (10 to 30 day.*), differ urcatly from those 
here recorded. To this we sliall return at a <ul>-L'(|Ufnt period. 

In conclusion, we beg leave to remind our icadei*s that the 
inuuediate object in view, was .slated at kiiLTtli in our first 
paper, is the pnictical application of these methods to tlic ex- 
amination of minerals in the lield. 

Jnnity CoUeyc, Hartford, Ouhh. 
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Tables showing the Behuvior of rn-tain Minerals with CUru' 
Acid, alone ami with Rengents, 

I. 

Decomposed (in fixe iowdek) in a satukated solltiox of 

(JlTRlC Acll>. 



1.— IN TilK t'OLD. 





B. 


C. 


D. 


WUhout tvohdlon 
ef0<t9. 


Wiih lii>fraUm 
<^ C O,. 


<4 JitS. 


With sriKwdiilM 



riaustlmlite, 

Lcucopyrite, 

Atacamite, 

Bnicite, 

Gununito, 

PyroniorphUe,* 

Miinetitc, 

Triphylite, 

Tripliie. 

Yiviaoile, ! 

Ubethenite. ! 



Cal( ile. ! 
Doli>iiiit<*.* 
iGurhiifiic, 1 
Ankcrite,* 
jKliodochrositL',* 
Sruithsdnitp,* 
Aragonite, ! 
WitluTitc. ! 
Stronlianitf, I 
Bury tucalcite, ! 
Cerussite, ! 
MmIju hiti',! 



Olivcnitv, ! 
Ptieudomnlachitc, Azurilc* 
Wavellltf. I 

PJiamiacosiderite I 
TorlHTnile, 
Auiunite, 

I'h'xite. : 

Crypiomorplule,! 
Anglcsito. 
Broctuuitite. ! 



Stihnite, 

Gidciiitc, 

Alnltainiile, 

Spluilerile, 

PyrrholUc. 



W ollastonile, 

Rhodonile.l 

C'hr\^(»lile, 

^Vi^l(•lllitL•.:$ 

^»l.•llhL'lUe, 
Lapis lazuli, 
(hoodrodite, 
PectoHtc.?t 
I^aiimonlili'. 
Chrysocolla, ! 
i Calamine,!! 
' Apophyllitp, 
|ThoiUMoDite,! 
NatmHte. 

[ AuuU iit', 
C'haba/.ite, 

Stilbite. 
DeweyUtc, 
: Prochlorite. 
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2.-011 BOILING. 



E. 


F. 


Q. 


H. 


tf 0«u, 


mthiibmUion 


WUh lUteratUm 


With xtjiamfifm 


Cuprite,! 

Zlndte. 

Mclaconite, 

Goothite.* 

Limonito,* 

AlUuilte.(t) 

Aimtite,* 

Wolfnuiiite,* 

Wulfenite. 

Crotroite. 

Gy(M»um. 


Ilaiisinannite.f 
Pvrolusilf, If 
^faii^aiiite,-^ 
Pt<il(jinc'lane,!f 
Wad. !t 
Miiguesite, ! 
Siderite. ! 


! 

IJornilc. 

JaiiiftMinite.* 

Boiirnonite, 

l'< 'iiliitmrrite, 
Kermt'siU}. 


T<phroite,t 

llvaih', 

PhlofTopitt',* 

Dalolitr. :* 

Prelinite,* 

Heufaindit«. 

SiTpciiiine, 

Chrysotile. 

Retlualite. 

Bastitc, 

Geiitliil**, 

(ticsockiJe,* 

.JclTi'iisitf. 

Majwiuitc* 


aiul 
ihoM in A. 


ami 
f^OM in B. 


and 
tkom in C. 

1 


attd 
ihonr. in D. 



II. 

I)KC()MI>06KI> by a HOILIKn SOLUTION OP CiTRIC Acil>, HIXKD 



1.— Wrtii B«i>irM NrrnATB. 



SilvtT. 

MiTcury, 

(;opper, 

.\m?nlc, 

Aiiliinony, 

BUiuuth, 

Sulphur.* 

Bisimilirutitc, 

Uomeykite, 

ArgvDtite, 

!Ie'<-it(', 

('l!!ll(iniU%! 

Ti(iii;iMnitc,I 

Millirilc.: 

Nic t uliic. ! 

Pvriic, : 

('hakopyrite,! 

Liuuat'itu. 

8maltlte,! 



Cobmltlte.! 
Ullni!iiiiiit<', ! 
MarcttsUe, I 
ArsenopyriteJ 
Nagyas;ite, 
Covellite, ! 
Berthierite. ! 

I*yr:ifL'A riTi'. 
TctraliutiiUi', ! 
Tannaiitlte, ! 
BtPphaiiitc. 
Polyhasiu?, ! 
Eiiargite, ! 
Uraninitc, I 
liUbamlc. 



ondiAoM In 



K.— WiTK POTAMIUU lOPIDK. 



Rwilgar.* 
()r|>iincnt,* 
] Ciuuubar, ! 
Hematite,* 
Mt'iiufcnnifo.* 
Wasliingtouilc,* 
Magnetite,* 
t>a Ilk Unite, 
Iiruuijit«, 
Enstatite, 
Ilypersthcnc, 
Augitt*. 
Spodiimenc,* 
ll()rnl)lcnde,* 
Actinolite,* 
Pargasite,* 
OUvine, 



Almandile, 
I'yropc. 
Colopliouile, 
Epidole. 



and most of 
tints f hi 
A. B, r D, K K 
<?, II. and I. 
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III. 



MlNEKALS NOT DEtOMroSKU BY THE ABOVE REAGENTS. 



Gniphil*-, 

MolylMleuile, 

Proust 

FUioriK'. 

Cryolite'. 

Cnnindiitii, 

Dio|)tiide, 

Petalile. 

AshcstUS, 

Beryi, 
Zimm. 
Vr-^uvl unite. 
Zoisite, 



lollte, 

Hloiiic, 

Muscovite, 

LepidoHte. 

Wprnerite, 

Audtthisite. 
Fibrolite« 

iTopM, 
iTitanite, 

' Stiiurolite, 
, Bowenile, 



Talc. 

Kaolin, 

]{i]>ulolite, 

Colurabite, 

8nmarskltc, 

Spinel, 

C'hromite, 

C'liry so beryl, 

(';i>siterit«, 

Kiitilu, 

QuarU!, 

Hyalite, 

Auorthlle, 



Laliradorite, 

Oli^joi'lase, 

Albiic, 

Ortliocla.se, 

Tourmaline, 

Sclieolitc, 

Barite, 

Celefitite. 

Anhydrite. 

(Two hundred 
si)ecies.) 



N. B. — The < t vf»lve«} ;ire exuiuined with acetate of lead te8t-]>aper 
the .'iolutious with ajipropriate n-agentj}. 

The kind and degree of action are indicated in the above Table* by the 
following signa : — 

*. U«nii»leiel7 dcc<>iii|io»ed or 4lMolf«d. 
• reeUjr attacked. 

t The COt cTftlnd to 4eri?fld from tbe CUrle Add. 
t Galatlaliea, 
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Application of Organic Acids to the Examination of Mtn- 
KRALs. Third Paper, By H. Cabbimqton Bolton, of 
Hartford, Conn. ' 

37. In tho two papers previously pablished under the same title^ 
we liave shown that citric acid has a power of decomposing min- 
erals little less than that possessed by hydrochloric acid, and that 
the organic acid can be advantageously employed in field-work for 

assistnncp in determining s[)ccie8. In the second of these papers 
we stated that the results ohtuined by the prolonged action of citric 
acid on iniiierals differed L.r( :itlv from those recorded in tlie ac- 
comi)aiivin<i; tables, and gave notice of our inleiituMi to idnrn to 
the subject at a subsequent period. We have eot!tiiiue(i our re- 
searches and gaincti a tew udditional facts which we cieeui of suffi- 
cient interest to warrant a third or supplementary paper on the 
subject. 

The results given in the tables (here reproduced for convenience) 
were obtained by acting on the minerals in fine powder : first, in the 
oold for a few hours, and secondly, at a boiling heat for a few min- 
ates. We find, however, that many species which resist the brief ac- 
tion of a boiling concentrated solution of citric acid are more or less 
completely decomposed by prolonge<1 contact with the same solu- 
tion at the ordinary temperature of the work-room, say 60^ to 70" 
Fahr. But a small number of the two hundi-ed minerals embraced 
in the tables were submitted to the prolonged action of the acid 
BoltttioDt and those tested were selected as representative of groups, 
sulphides, oxides, silicates, etc. The progress of decomposition 
was note<l at various periods from a few days to more than two 
years A solution of citric acid concentrated in the cold was used 
in all tlie experiments. 

38. Sulphides. Clialcocitc showed signs of decomi)osition at 
the end of ten days, and at the expiration of several months 
yielded a partial sohition of a pure green color. 

Ullmannite showed signs of decomposing in two days, and af- 
forded in a month a very dark colored solution. 

Arsenopyrite was atfuckcd in a lew days. Pyrite showed de- 
cided evidence of decoiuposition in eight ilays : one mouth later 
the boluliou actpiired a reddish yellow coloi and reacted lor iron 
and sulphuric acid. 

> Aunais N. Y. Acad. Science*. Vol. I, p. 1, 1077, and Vol. 11, p. 1. im. 

(3) 
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AFPUCATKMI OF OttOAMlO ACIDS; 



Chaloopyrite acts similarly, the solution being of a greenish 
yelldv. Iinp htkI TCaftin<r for copper and sulphuric acid. One 
prmmino of tlio inin(>ral lost about ob-vori por pent of its weiirht 
after fourteen rnontlis' contact with the acid solution. In j/eiieral 
quantitative experiments were not conducted, for it soon became 
clear that the amount of <lecouipo8ition was proportionate to the 
time and woidd require more attention than the results to be gained 
warranted. 

Smaltite was decidedly attacked after eight days — the presence 
of sulphuric acid In the colored solution was noted. Tetrahedrite 
was strongly attacked In about four noiitbs. Cinnabar, orplment, 
argentlte and pyrargyrite resisted the acid solution altogether. 

89. OsBidet, The experiments recorded in this brief supplement 
were made with only those minerals which resisted the acid solu- 
tion on boiling, and since it was obviously useless to test such 
bodies as quartz, corundum, rutile, etc., only the three oxides of 
iron remained of this class for examination. 

If agnetite and limonite were strongly attacked in eight days ; 
hematite yielded much more slowly, showing decided decomposi- 
tion after several months. 

F3x|>osure to sunlight, as might be expected, diminished the 
intensity of the colored iron solutions. 

40. Silicates. Of the silicates examined datolite is by far the 
most quickly dccom|)OScd by the acid solution ; after twenty-four 
hours it yields gelatinous silicn. Datolite should probably be* 
transferred from column H of the tables to rolnmn D. 

Hornblende, pyroxene, almandite, rpidoLc, Acsuvianite nTul 
serpentine were decidedly decomposed in eight days; after one 
month hornblende, abnandite and cpidote yielded colored solutions 
and sliiuy silica, and serpentine gave gelatinous silica. After 
fourteen months contact with the acid solution (occasionally 
agitiitetl) the hornblende and pyroxene were very completely 
decomposed, the solutions having a dark brown color and Aill of 
floating silica. ActiooUte seems to be less easily decomposed 
than common black hornblende. The serpentine after fourteen 
months yielded a dry gelatinous mass. 

The feldspars are very unequally attacked under similar condi- 
tions. Labradorite yields the easiest, decomposition being noticed 
after eight days and slimy silica forming in the course of some 
months. Orthoelase and oUgoclase showed marked signs of deoom- 
poaition after eight months, but albite is doubtfhl. Tourmaline 



Digitized by Google 



BT H* €• BOLTOH* 



5 



and staurolitc yielded to the acid after four or five months, the 
latter forminsf a solution colored by iron and slimy silicAt Talc 
and kyanite appear to resist the action of citric acid. 

Muscovite and biotile yield very slowly, the latter showinpr fiicms 
of decomposition the sooner. After two years' subjection lo the 
acid solution very minute scales of mica separate, and some slimy 
silica appears in Ihe slightly colored liijuid. 

41. We have detailed these simple observations somewhat 
minately beoaiue we believe they have an important bearing on 
geological dtolntegratfon aod 6rMii»* At the Saratoga meeting 
of the A. A. A. 8., my firiend Dr. Alexia A. Jullen praaented an 
exhaosttve summary and analjais of all known obmrvatlonst 
concerning the geological action of the humns acida'; in tbis 
paper he notee the negative character of the resolts I had obtained 
with a number of minerala, e. g.^ pyrite, aagite« hornblende, the 
feldapara, mieaa, etc., and aaya : " but the nature and atrength of 
the solvent employed^ and the brief duration of each trial aeem 
at present inaufflctent to Justify generalizations, notwithstanding 
the suggestiveness of certain results.'* My subsequent observa- 
tions have confirmed his views. Generalization is still of doubtful 
value, yet we are tempted to make the venture. In the following 
table we have arranged the chief rock^forming minerals, with a 



BHOWfKG APPROXIMATE RELATIVE DISINTKfJRATION OP ROCR FOBMIirO 
(AND ASSOCIATED) MINERALS BY CITRIC ACID IN SOLUTION. 









Not 


CarlMHiaMt, 
Proelilorlte, 
ll«plielll«. 


Sarpratlii*, 

liornMande, 
l.iiimidorita^ 

£|>idot«, 
Vwnvlattlto, 

LimontlA, 

Oypmim(?)b 


OrttKwUM, 

Alblt«(7), 
UoUta, 
MaHoovlte. 
Toarmaline, 


OUAItZ. 

Curunilum, 
Spinel, 
Beryl. 
Fliioilte, 

BAl1t«. 

Talc ( ?). 
Kyanito ( ?). 



few of their associates, under four lieads indicaiinL; tlieir relative 
disintefiration by citric acid ; the position of each mineral is of 
course only approximate, and it is not intended to indicate that all 
the spceies iti one culuiaa are equal in dc>,nc'e of their <lecomposi- 
tion. The ajjpMcation of this tahle to the t •nsideration of 



* ProceeUiugs Am. A»*oc. Adv. Sci., Saratoga Meeting, Vol. -J^, p. 311, 1879. 
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geological phenomena is a subject which I do not venture to discuss ; 
if we have a right to Rssnmc that tlic disintegrating efTeot of the 
acids of hnnius differs from tliat of the other organic aci<l8 in 
degre e raliier tliaii in kind, the Table may prove a small cootribution 
to chemical geology. 

8HOWIHO THB BSHATIOS OP CKKTAIK MINERALS WITH CITBIC ACID, 

AIjOMS AMD WITH BBAUE1IT8. 



I. 



Dmokkmsd (Df ran fowdbb) bt a •atukatio •ournow of Crmo acid. 





1. IN TH 


B COLD. 




-A. 


B. 


C. 


D. 




WWkHbmMm 


WUh HberaUtm 


WUh HparaHim 


Clmisthalite, 

L>eui-o|iyrlt«, 

Ataonmlu;, 

BrncitP. 

Uunimite. 

PyroniorpbUs,* 

Miinetite. 

Triphvlile, 

Tiiplite. 

Vivixnilc, ! 

LilictlKMiite, t 

( )1 1 veil It «•, ! 

I'htiiiiluiimlai'hite, 

Wavelliu*. 

Pliannaroisitlerite,! 

T<»i boriiite, 

Aiitiiiiitc, 

riexite.r 

I'ryptoiijoi-phiUj. 1 

AiiKlenito. 

Brucliaotile. 1 


Calcite, 1 
Doloniitf,* 
Gurhutite, ! 
AnkfdU!,* 
Khodo<hro8ite,* 
8inith(*oiiii4>,» 
AruKonUe. ! 
WilheiiU',! 
Sti-onlianitc. 1 
narj tnralcite, 1 
Ci'ruf<t»it«, 1 
Maln<'luie,t 
Azuriie.* 


Stibnito. 
Galen itc, 
Alnbanttite. ! 
Sphalerite, 
PjrrrboUie. 


. 

Wollastonite, 
Khtidonite,! 
Clirygoiite. 
Willemitc. 1 1 

Nephelile. 
Lapi'< iaznlf, 
C'liontlrodlte, 
IVciolite.l J 
I.ftimiontitf. ! t 

Vhvs 11a. ! 

t,'til;i III 1 (If. ! I 
Api>| li\ Hue. 
Thiini-oiiitts.l 
Natrolite, 1 { 
Mc'!*itlite, 1 
Analcitf , 
(')iaWa/.ite. 

Ht'i>(heUlO,t 

Stilliite. 
T>v\\ v \ lite, 
Proclilorito. 


S. OV BOIURO. 


B. 


F. 


O. 


H. 


Without erotuiion 
qf ga$. 


WUh liberation 
itf COf, 


With liberatkm 


With $epartMen 
SiO,. 


Cuprite,! 

Zincite. 

Mclncoiiite, 

Goethltu.* 

IJmonite,* 

Alliiiiiie. ( ?) 

Apatite,* 

Woin-amite,* 

Walftntte, 

Croooiie, 

G^praai.* 


H«asmannite,t 

PTrolii^iifJt 
Mnngaiiito.t 
Psllnnu-lane, If 
Wa.l, It 
Magne«ite,l 
sideriteJ 


Born He, 
Jameson it«,* 
liuuriionitc.* 
Itoulangerite, 
Kemeaite. 


Tephroitct 

Ilvaite, 

Phloifdpite,* 

Datollte.fl 

I'rehhitc* 

lloulundite, 

Serpentine, 

Chrvfolile, 

lit'lfnalito, 

Hnntite, > 

(lenlhite, 

(iieserklle,* 

JclTeriRite. 

MaaoDite.* 


and 




and 
Mom In C. 


oimI 
flkofeln D. 
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11. 

DaOOMPOBBD Ur ▲ BOILINU 80LUTI0K OV CITRIC AClD MIXED 



I. wm 8<n» 


lUM NmtATB. 


K. wm POTAUraM lOMOS. 


Silver, 

Mercury, 

Copper, 

ArseDic, 

AnttOKMiyt 

Btemnth. 

BUmnthinite, 
DooMykite, 1 
Argentita. 

Chaleoeltoil 

MtltorftaJ 

MkMolIteJ 

Fjrrite,! 

CtuaoopTTiltbl 

LlODMlMt 


CobalUte, 1 
UUm»nnlte, 1 
Mnrcasile. 1 
Arsenonyrite, 1 
NagyMlte, 
CoTelllte.! 
Berthierit*,! 
Pyraiyyrtte, 

Teaauitile, i 
Stephanlte, 
Polybtwite. 1 
BnanUe,! 
CraoloUakl 

and thote. in 
C atid a. 


Realgnr,* 

Orpimcnt,* 

Cinnabar. 1 

Hematite.* 

Menaccanite.* 

Wasliingtonite,* 

Mtkgnttlle* 

Franklinlte, 

Brannlttt, 

Enttatlt«» 

HrpersttMB«» 

Augite, 

AetlQolite.* 
Ptfgaalte,* 


Olivine. 

Altnanditc, 

I'yrope. 

V^U 1 UU (1 U 11 1 uCf 

BpldoM. 

and moat of 
that in 




m. 




L. Mntn 


■AW wvT inuiMuvn 






OrapMto, 

PronsUte, 

Flaorite, 

Cryolite, 

Corundum, 

Diopsldei 

Peullte, 

AabeattM, 

Beryl, 

Zircon, 

Veiinmnfia, 

Zolftlie, 


lollta. 

Blotllfc 

MuBooivitat 

LepidOUM, 

Wamerltt, 

LMOite, 

Andaltttllt, 

FibroUts* 

KyattlM, 

Topas, 

Titanite, 

SUuroUto, 

Boweolte, 


TUe. 

KairilB. 

BIpMoltt*, 

Coiiraiblt«r 

Samaraklle» 

Spioel, 

CluroBdte, 

ClUTaobwTl* 
Caaaltnrllib 

KuUle, 
Quarts, 

Hyalite, 
Anortbite, 


lAlmdMrttoi 

OllndM*, 

AlSita, 

OrthoelaM, 

ToarmaUne, 

Sebeellle, 

Barite, 

Celeatitc. 

AnliyJrlte. 

(Two hundmt 
spaelM.) 



H. B.>-Tli6 gascH evolvc<i are exwnlBcd Willi aoaUla of lead taat piV«r, tlw Mlfr 
Uma Wtth appropriate reagenu. 

Tbe kiad and dagraa of aelloa ai« ladloalad tai fha abora Tablaa tgr Um lUlowlaff 
•ifaa:— 

I Conipk'U-ly ilecompo»ed or dissolved. 
• Ki'. hly attacked. 

t Tbe CO, evolved 1« darivad ftom tha Citrio Acid. 
X Gelatioizea. 
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XV. — Behwoiar of Natural Sulphides toith Iodine and 

(fiher BeagenUe. 

BY H. OABBINOTON BOLTON, PH.D. 
BMdll«MhlS,un. 

■ 

In a paper on the ^ Application of Organic AcidB to ihe 
Examination of Minerale," presented to the Academy abont 
a jear ago^* we endeavored to show that citric (or lartaric) 
acid and potaafiinra nitrite can be advantageonsly added to 
the nanal list of dry reagents employed in the determination 
of minerals. Owing to the facility with which the latter re- 
agent is decomposed by the former, nitric acid can be carried 
practically in the solid form ; hydro-potassinm salphate, al- 
ready in nscyf furnishes sulphuric acid in a solid state; and it 
remains therefore to provide for hydrochloric add, or chlorine. 
The alkaline chlorides, however, resist the action of otganic 
acids; and a few experiments with easOy decomposing sul- 
phides yielded only negative results. Iodine, on the other 
hand, while less powerful than chlorine, possesses similar 
properties, and in aqueous solution it attadks many minerals, 
giving rise to characteristic phenomena. 

The employment of bromine in analytical operations % has 
already demonstrated its power in decomposing natural sul- 
phides; and it is precisely with these minerals that the most 
satisfactory results are obtained by the action of iodine. 

The specimens named below are the same as those whose 
source and condition have been described in tlic paper referred 
to. The method of examination is exceedingly simple ; the 
minerals in fine powder are placed in test tubes, k small 
quantity of pulverized iodine is added, and then water poured 
on ; after standing in the cold for some hours (usually over 

• Amuda M. Y. Acad. 8oi.. Vol. I. p. 1. 

t IHtttiMklooof NataMI SulphldM by BlaoJphatft €f POtHW ; X. Jtnaattw (Vkwd. 

C«nil)t« Ri'iiJu). Am. Cht'iu., FV, ifiO. 

; P. Waiifo ; Zeitadu. aiMa. Cham., IMl. 
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night), the results are noted ; the eoiitents of each tube are 
then heated to boiling, and tlic losiilts again recorded. Tlie 
polntions were tested hv suitable reagents after expelling hy 
hi!!it the excess oi' itHline. 

Stt/mitp^ treated in tlie manner described, is strongly .-ittack- 
ed ; and witli excess of iodine the solution turn? deep brown- 
red. Ou boiling tiie red solution, it loses color as t lie iodine 
volatilizes, and after the latter is completely expelled, suitable 
reagents denuinstrate the presence of sulplinrie aeid and ot 
antimony. The ileeoniposition of this mineral is complete. 

MoLybdenite is not attacked either in tlie cold or on boiling. 

Argmtite is attacked in the cold, yielding a red solution 
and a yollowish-white precipitate. If an excess of iodine b© 
present, the mineral is completely decomposed in the cold. 

Galenite is decomjx)sed in the cold, the li(piid being com- 
pletely decolorized. Lustrous, yellow crystals of plumbic 
iodide form on the surface of the mineral. On heating, the 
action is increased; and the solution deposits, ou cooling, 
large and abundant crystals. 

jBomite is strongly attacked in the cold, the solution being 
brown-red fuid the residue yellowish-white. On heating, the 
decomposition is liastened, and a heavy precipitate of cuprous 
iodide forms. 

Sphalerite is stronglj attacked in the cold, the solution 
turning dark-red aud a crystalline precipitate forming. On 
heating, the decomposition is complete. 

Chalcocite is strongly attacked in the cold, the solution \n\h 
excess of iodine being brown-red. On the application of heat, 
the action is increased, but little (if any) cuprous iodide 
forms. 

Oinnahar is strongly attacked in the cold. On heating, it is 
readily decomposed, with formation of small scarlet crystals 
of mercuric iodide. 

Pyrrhotwte is strongly attacked in the cold ; the solution is 
not completely decolorized, and Ijecomes darker on heating. 

P^/rilU is decidedly attacked in the cold ; on boiling, the 
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action is increased^ but the deoomposition appears to be in- 
complete. 

NiccoUte is strongly attacked in the cold, yielding a ^rcon 
Boliition, wliich turns brown on heating with excess of iodine- 

Smaltite is strongly attacked in the cold, forming a brown- 
red sohition ; licat increases the action. 

(yiaJmpyrits* yields a deep-red solution in the cold; the 
action is incrccised by boiling, but no precipitate forms. 

TdrahcdriUy tUlmmnitSy and arsmopyrite behave like 
chaloopyrite. 

Bottnwnite yields a deep-red solution in the cold ; and on 
heating, a heavy precipitate falls, which is evidently a 
mixture of plumbic iodide with yellowish-white caprous 
iodide. 

From the preceding notes, it appears that molybdenite is 
the only one of the seventeen sulphides examined which 
resists the action of on aqueous solution of iodine. The reac- 
tions of galenite and cinnabar are characteristic and beautiful ; 
that of boumonite disclosee its composition very satisfaetorilj . 
The difference of behavior between bomite and chalcocite is 
marked. 

The results obtained with pyrito and pyrrhotite require 
some explanations. Professor Henry Wnrtejf in 1B58, em- 
ployed iodine-water to separate pyrrhotite from pyrite ; he 
states that pulverized pyrite digested for 48 hours in the dark 
with a brown solution of iodine (pulverized and washed 
repeatedly to remove all free acid), **did not remove the 
brown color of tlie liquid, and the latter had dissolved but a 
trace of iron.^' Wc repeated this process, observing all the 
precautions mentioned, and found that pyrites (from Colorado, 
and from Saxony), was decidedly attacked. Possibly the 
discrepancy is only one of judgment as to the amount of de- 
composition wliich ensues, but under ordinary cireunistimcos 

* Memael liaa itadl«d fhe beluiTlor «f ehaUjopyrito wltli byidrtadle add ; Ber. ehemi. Qn, 

III. 1S70. 

t On aotQo ImproTemouUi io tho Preparstlon of Hard Miuonls for AnaJysia, r««d b«;fi>r« 
A. A. A, 8. at like BalUmora BMaMvg. Am. 9, Sd., [SJ Vol. XXVI. p. 190, 
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we are confident that iodine (in excess) with water decom- 

pnspci ]^yrite. 

Besides the natural sniphides, we examined the bcliavior of 
a few minerals, belonging to various rlassefl, with an aqneons 
solution of iodine. lamonite, hematite, magnetite, and tlie 
manganese oxides, as well as pyromorphite and calamine^ are 
not attacked even on boiling the solution. Cuprite is com- 
pletely decomposed in the cold, with formation of a bright 
green crystalline precipitate (CuIO* ?). Brucite, calcite, and 
natrulite, arc decideUly attacked on boiling. Anglesite is 
feebly attacked in the cold, and strongly on heating ; cerns* 
site and virianite appear to be slightly decomposed nnder 
the same cirenmstanccs. None of these reaction b have special 
interest, except perhaps that of cnprite, which is quite charac- 
teristic. 

Having continually in mind tlie poss^ihlc application of 
methods to the exaniiTiation of minerals in the held, and rec- 
ognizing the impracticability of carrying iodine save in glass 
bottles, we were led t<> make another series of experiments 
with a view to providing iodine in a portable state. To this 
end, wc took advantage of the ready decomposition of potas* 
slum iodide by organic acids. That even the weakest acids are 
able to set hydriodio acid free, in acting on the iodides of the 
alkaline metals, has been frequently noticed,* and we add tlie 
following ol>6ervations : 

When solid potassium iodide is added to strong acetic acid, 
jn the cold, hydriodic acid is set free ; and after standing for 
some time (24 — 48 hours), this acid decom|K>sc6, and tlie free 
iodine comnmnicates to the solution a brownish-red color ^f 
varying intensity. With free access of air, tlio liberation of 
iodine begins at once, as shown by testing the mixture with 
carbon disulphide. This action is more marked in strong 
solutions than in weak. 

* Dr. Badolpb Ooehm. In his nandbucb dcr Spec. Pstbologie uud Xhenpic, toI. XV, p. 
n. quote* Stnive'c Maoowtttj thai 9wo hfdro^odtam oM-bonsto dBeompodes potMrium 

jodide in dilnto nqiir>(>nM Hohition. Tbip poorer of csrbunic acid bM alio bMOObwrrcd tv 
ULuamerer (Viicliow's Archiv, LiX. laU). ondliins (ibid., LXU). 
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Tartaric and nitric acids decompoae potassinm iodide in a 
aimilar manner. 

A mixture of any of these organic acids with potassinm 
iodide proves to he a powerful solvent of the natural sulphides. 
An examination of the seventeen sulphides already mentioned 
gave the following results : 

BEHAVIOB WITH POTAflSirM lODmS Aim ClTBtO ACID. 

/Siil/nitt:, argentiU^ sphalente^ chalcocitey l>omits and ull^ 
mannite, ai*e attacked in tlie cold, witli liberation of t;nl])linr- 
etteti hydrogen ; heat increaboe the action, — tlie gas coming off 
freely. 

Oahmite acts in the panic inanner, with formation of yellow 
cryBtalline fltikts of phinibic iodide. On applying heat, the 
mineral is cunipletely doconijmcd. 

Cinnahar is also det'oniposed iti tlic cold, with lihorntion of 
>nlpliuretted liydrogen. On boilini,', tfie decomjiosition is 
cotii jiiete, and crystals of mercuric iodide deposit on cooling,—. 
provided no great excofs of potassium iodide is present. 

ArHenopyrite is decomposed in the cold, but nosnlphuretted 
liydrogen appears to bo set free. On boiling, the decomposition 
proceeds rapidly. 

l*yrrhotite^^chalroj)yrUe^ 'xnCi hnirnonitc y\ii\(\ no .snlj)hur. 
etted hydrogen in the cold, but frcelj^ on heating. TJie latter 
is but feebly attacked. 

Pijrite^ n iecolite^ and give no sulphuretted hydrogen, 

either cold or hot, though they are strongly attacked on boil- 
ing the liquid. 

Tef rtr/iednte is attacked feebly in the cold ; on licating, the 
action is increased, 

Molt/hdmite nBlato the action of this mixture of reagents. 

Similar results wore observed with tartaric and oxalic acids, 
their decomposing power varying. Cinnabar, treated with a 
mixture of potassium iodide and oxalic acid, is decomposed 
with remarkable facility; the reaction sets in immediately 
and in the cold ; on boiling, the decomposition continues with 
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violence ; and on cooling, tlic solution deposits white crjtstals 
of hydro-potassium oxalate, mixed with scarlet crystals of mer- 
curic iodide. . 

The })i<)l);ible nature of this reaction is shown in the follow- 
ing ctiuation : 

2H,C.(). + IlgS + 2Kl-=2KilC.O + Ugh + 11,8. 

We examined the behavior of a few additional minerals 
with a mixture of potassium iodide and citric acid, with the 
results recorded below; but no speeial interest seenis to be 
attached to tliis method of attack. 

Magnetite i? <keidedly, and franJUmite feebly, attacked in 
tlic cold, and strongly on heating. SemoitUe iB feebly at- 
tacked, and chromite not at all. 

Uau8m(ninit<\ pyrolusite^ and the other oxides of manganese, 
being attacked by citric acid alone, yield, as may be anticipft> 
ted, deep brown red solutions colored by the iodine. 

Anglesite and pijronun'phHe are completely decomposed in 
the cold, witlt formation of a yellow precipitate of plumbic 
iodide. 

ChiprlU is also coinplctcly decomposed in the cold, with for- 
mation of a ycllowish-wliitc precipitate of cuprous iodide, and 
a colorless solution. If, however, heat be applied at the out- 
set, the same precipitate forms, wliile the solution is of a blue 
color. • 

We also examined the behavior of natural sulphides witli a 
mixture of citric acid and potassium bromide. The latter 
does not, however, appear to be so easily decomposed as the 
iodide, and no characteristic phenomena were observed; nearly 
all the metallic bromides being soluble in water, no preeipi* 
tates wore obtained. In order to avoid rei)etition, vpe may 
briefly summarize tlie results by stating tliat, in genera], the 
action of the bromide is less energetic than that of the iodide. 
Those minerals which yielded only with ditliculty to the lat- 
ter reagent, resist the former oven on heating. Cinnabar, 
whose behavior with the iodide is so remarkable, is but feebly 
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attacked by the bromide. Argentite, galenite, splialerite, chal- 
• cocite, pyrrliotite, pyritc, and chaleopyrite, arc attacked in the 

cold, with or without liberation of siiipharetted hydrogen. 
Molybdenite resists this mixture of reagents, as well as the 
others previously mentioned. 

In studying the behavior of minerals with organic aoids, 
we obtained results which were embodied in a Table^ exhib- 
iting the eleven groups into which minerals are divided by 
the action of citric acid alone and with reagents. We are 
now able to add a twelfth group, viz : " minerals decomposed 
by heating wtli citric acid and potassium iodide," and to 
transfer thereto, from the list of " minerals not decomposed 
by the above reagents/' four species — einnabar, magnetite, 
hematite, franklinitc. 

Tims of the ninety minerals whose beliavior with organic 
aciils and reagents has been examined, only nine resist these 
methods of attack* 

Trinity OoUeff^ JSar^ardj Conn. 

« Ann. M. Y. Acad. Sd., Vol. I. y. M. 
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LEGENDS OF SEPULCHRAL AND 
PERPETUAL LAMPS. 



VERY science and even' art appears to have had, at 
some period in its history, aims and aspirations of an 
unphilosophical and superstitious charadler; every 
branch of learning has had its infatuated enthusiasts working 
at unachievable proje<5ts and striving to reach unattainable 
goals. In astronom}', clever and learned men endeavoured 
to foretell the fate of mankind hy a study of the stars ; in 
mechanics they sought for perpetual motion : in mathe- 
matics, for the quadrature of the circle ; in medical art for 
a universal panacea and an elixir of life; and chemical 
science was for many centuries a fertile field for speculations 
no less chimerical and unsubstantial. 

The extraordinary delusions of the alchemists have been 
summarised by Wiedeb, a German chemist of the last 
century, in the following words : — *' At one time they turned 
their attention to the production of pearls and precious 
stones ; at another to the fixation of ordinary mercury, and 
hence to its extra(5tion from natural metals; some sought to 
transform water into vinegar, others eneavoured to make 
glass flexible and malleable. They sought also to prepare 
for the phvsician the much-needed elixir of life, to transform 
common suit into saltpetre, to prepare a universal solvent, 
to discover the means of causing lamps to bum perpetually, to 
reproduce plants and animals from their ashes, and even to 
efie^ the resurrection oi the dead 1 Besides these chimerical 
pursuits, the favourite and most enticing of all was the 
transmutation of the common or base metals into silver and 
gold." ♦ 

* WiftOLEBi HUt. Krit. Uoteiiucb. d. Alchemic. Weimar, 1777, lamo. 
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The belief in ever-burning lamps mentioned by Wie^leb 

is not unfrequently alluded to in prose and poetry, yet detailed 
and exaft information on this point is to be had only by 
patient research. Many volumes have been written on the 
history of chemistry, and on alchemy, narrating the fanciful 
views and arduous labours of the would-be transmuters of 
the base metals, but they seldom make reference to the 
sepulchral and perpetual lamps. 

During the sixteenth and seventeenth centuries a belief in 
the aftiial existence of ever-burning lamps seems to have 
been very real and widely prevailing. Man\' learned writers 
maintained that the ancients were acquamied with the pre- 
paration of a combustible fluid, which, while burning and 

E'ving out li^ht, diminished not in quantity and potency, 
amps supplied with this marvellous liquid were placed m 
tombs by the ancient Romans, and continued burning imtil 
some ruthless explorer desecrated the subterranean places of 
burial and allowed air to enter, whereupon the flame flickered 
and shortly expired. These astonishing lamps ** burned the 
most brightly where there was most want of air, and were 
always extinguished by the immission of external air." — 
(Dr. Plot.) 

To discover the secret of preparing this combustible yet 
inconsumable liquid was one of the alchemist's dreams; in 
their figurative language they endeavoured to ** concentrate 
the four elements, and to make thercirum a wonder-working 
• essence.*' — (Kriegsmann.) The material upon which their 
operations were condudled, and in which they placed great 
reliance, was fine gold ; this, they said, resolved by hemetic 
methods into a "clear liquid," supplied, by its "incombus- 
tible oiliness," the perpetual light. 8ome authors describe 
the liquid in question as an " extract of the elejnents pre- 
paied with great labour, and possessing the property, when 
provided with a suitable ferment silver or gold, of forming 
the white or red tindture capable of transmuting the base 
metals." But without the ferment it nourished the ever- 
burning lamps, and on account of its exceeding costliness 
was consecrated to the mythological divinity Pluto." Such 
is the description of this liquid contained in a rare and quaint 
little i6mo., entitled ^'Taaut," written by one Wilhelm 
Christoph Kriegsmann, and published at FrankAirt in 1665 
(page 65 of Notes). 

The alchemists did not, however, always employ such 
enigmatical and obscure language when writing of this mys- 
terious liquid. Trithemius — a learned abbot of the fifteenth 
century, who found leisure amid his Benedidline duties to 
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write works on theology, history, philosophy, and alchemy — 
gives two receipts for making the inexhaustible oil : one of 
these reads as follows : — 

'* Mix four ounces of sulphur and four ounces of alum, 
sublime them, and convert them mto ilowers. Take two 
and one-half ounces of these flowers, with half an ounce of 
borax and Venetian crystal, and pnlverise the whole in a 
glass mortar. Put the powder into a phial, and, having 
poured into it spirit of wine four times redtified, cause it to 
digest. Pour off the spirit of wine, and, having added some 
new, repeat the operation three or four times, until the sul- 
phur runs on hot plates of brass without smokt, like wax. 
You niubt then piepare a pxopei" wick, which may be done in 
the following manner : take filaments of mineral flax of the 
length of the finger, form them into a packet half as thick 
as the finger, and tie them with a white silk thread. The 
wick being thus arranged, cover it with the sulphur prepared 
as before described, and immerse it in the sulphur in a vessel 
of Venetian glass. Place the whole upon a sand-bath for 
twenty-four hours, so that you may always see the sulphur 
boil, and the wick being by these means well penetrated and 
impregnated with that aliment, put it into a small glass with 
a wide mouth. Then fill this vessel with the prepared sul- 
phur and place it in warm sand, that the sulphur may melt 
and surround the wick. If it be then kindled it will bum 
with a perpetual flame."* 

It is hardly necessary to add that the process, described 
with so much care, would prove very unsatisfaAory to any 
curious investigator. 

The alchemists also claimed th^t an inconsumable oil 
could be obtained by treating gold with oil of vitriol, and 
they called the product oleum vitrioli aurificatum. Other 
receipts are given by the Jesuit Athanasius Kiicher, and 
will be found by the cunous in his "Mundus Subter- 
raneus." t 

The belief in perpetual lamps was sustained and diffused 
by the publication of many legends, which appear to have 
been freely accepted by a credulous people, notwithstanding 
their highly improbable chara<5ler and the slender basis of 
truth on which they were founded. One of the most famous 
and oft-quoted legends establishing this superstitious belief 
was that of the tomb of Tulliola. In the pontificate of 
Paul III. (1534 — 1549)? the Rame who convoked the Council 
of Trent, a tomb was opened, at Kome, which contained the 

* Trithemius, Tradatusde Lap!de Philosoplwnilll. l6ll,8«0» 
t Vol. Un Lib. 8, SeO. 3. De Asbesto, &c. 
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body of a young woman in a remarkable state of preserva- 
tion. Her flesh was uncorrupted,* and her tresses were still 
bound with a small plate of gold curiously chased and 
enamelled. A burning lamp hanging in the vault was extin- 
guished as soon as the air entered. On the walls was carved 
the inscription *' Ttdliola filice mea" which was thought to 
refer to TuUiola, the daughter of Cicero, whose death he 
laments in his letters to Servius Sulpicius.t One authority 
states that the lamp burned several hours after opening the 
tomb, though it must have been closed more than fifteen 
hundred years. This legend was the sr.bjct*^ of much 
comment. Montfaucon,J the eminent French antiquaiy 
and philologist, repudiates the storv, and maintains that it 
is merely the revival of an older laic concerning the disco- 
veij of an uncorrupted body, in March, 1485, related by 
Etienne de Infestura and Alexander ab Alexandro. The 
latter describes the marvellously perfe(5l preservation of the 
remains, and adds — ** To see the body one would have 
have thought it interred but a short time ; there was no in- 
scription, though Pomponius thought it to be the body of 
Tuliiola, daughter of Cicero, or that of Priscilla, wife of 
Abascantius.*' 

Another legend, which supplied partisans with one of their 
strongest arguments, was that of the Lamp of Olybius. In 
the year 1500 some peasants, digging the earth to a consi- 
derable depth, near Padua, discovered a tomb containing 
lighted lamps, one of silver and the other of gold ; or, ac- 
cording to another authority, there was but one lamp, placed 
in an urn between two phials, one 611ed with liquid ^old and 
the other with liquid silver, by virtue of which the light had 
been maintained since the days of the Romans. According 
to inscriptions^ on the urns the lamp had been prepared 
'I with great labour by Maximus Olybius. Representations of 
. the iwu v ases, vvuh Liicir inscriptions, are given in Kriegs- 
mann*s "Taaut," and^in several less rare works.) Licetus^ 

* Perhaps converted into adipocere (?). 
f Ad Patniliare*. iv., 6. 

* L'Antiquitd Expliqu^e. Parts, 1719. 

% On the smalUr urn: — Abite hinc pessimt fures i Vos quid voltia vestris 
cam oeciilis emiMitiM? Abite hinc vestro cum Mercuric petM«lo cada- 
oeatoque. Maxitnus maximo donum Piutoni, hoc mcnm facit. 
On tht larger urm — 

** Piutoni •acram munus ne attingite fures I 
Ignotum est vobis hoc auod in uma latet ; 
Namque elementa gravi clausit digesta labore 

Vas^e bub hoc Mudlco Maximus Olybius. 
Adsit foecundo custos sibi copia como, 
Ne pretium tanti depereat laticiB. 
]] Frf Petri APRtAi»» Incriptioiiibaai p. 337 ; alio Licbtu8» Fbuajrx, and 

MoMTfAUCON. 
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of whom more hereafter, gives a letter of Maturantius, who 
tells his friend Alphenus that Both the urns and the lamps 
and the phials have fallen into my hands, and are now in 
my possession. If you saw them you would be astonished. 
I would not part with them for one thousand crowns of 

Sold." Two similar sepulchral lamps are to be seen in the 
Cuseiim of Rarities at Leyden. 

Many other equally credible narratives were current in 

the sixteenth and seventeenth centuries. At the time of the 
suppression of the monasteries by King Henry VIII. (1537) 
a tomb was opened containing a lamp which had bren 
burning at least twelve Imndred years : the auihonLy of 
Cassidiorus was quoted, who says he himself made perpetual 
lamps for the use of the monks in his monastery at Viviers 
(about 500 A.D.). Reference was also made to the lamp of 
Pallas, son of Evander, whose brave deeds were sung by 
Virgil : this lamp was found at Rome about 800 A.D., and 
.must have burned nearly 2000 years. Even St. Augustine, 
the most illustrious and holy Father of the Church, was 
claimed, by partisans of these traditions, as testifying to 
their truth. St. Augustine, mentioning the lamp in the 
Temple of Venus, says it '* burned perpetually, and the 
flame adhered so strongly to the combustible matter that 
neither wind, rain, nor tempests could extinj^uish it, though 
continually exposed to tiie inclemency of the seasons." 
St. Augustine attempts to ex|)lain the marvel, and conjec- 
tures that the incombustible wick was made of asbestos, but 
that the inexhaustible aliment was the work of demons, who 
wronf;ht the infernal miracle in order to blind the paj:jans 
more completely, and to attach them to the inlamous deity 
worshipped in that temple. 

Tlie iamous chemist Glauber refers to these miraculous ii 
lamps in his brief essay entitled ** Book of Fires " {LibtUus - ' 
Igntum). He writes of a lamp which, beinL^ closed up in " 
a glass, may be made to burn continually by its own virtue, 
and give light without any other help." He explains the 
admitted fa(5t that when the " secret lire " is " touched by 
tht: least air it extinguisheth and goeth out," by the sug- 
gestion that the hre is appropriated to the Elemental Air," 
and hath its '* own air in itself." Glauber, who was always 
ready to turn chemical discoveries to medical purposes, 
writes of this lamp that it may bje " very available to tliose 
who, by reason of continual weakness, are forced to lie 
much upon their beds," and that it may be **kept continually 
burning in their bed-chamber, not only because of its clear 
shining light which doth neither smoak nor scent, like all 
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other combustible He^hts, which scent is very prejudicial to 
the sick as well ab to the healthy." * 

Even in the eighteenth centuiy we find anecdotes of these 
ever-burning lamps, clothed with new adornments and skil- 
fully adapted to the later epoch. One of the most enter- 
taining of these legends is that of Rosencreutz, the founder 
of the mysterious fraternity known as the Rosicrucians. 
The narrative runs as follows: — A certain person having 
occasion to dig somewhat deep in the ground, where the 

ghiloso^her Rosencreutz lay interred, met with a small door 
aving a \s all on each side of it. His curiosity, and the 
hope of finding some hidden treasure, soon prompted him to 
force open the door. He was immediately surprised by a 
sudden blaze of li'^bt, and discovered a very fair vault. At 
the upper end of it was a statue of a man in armour, sitting 
by a table and leaning on his left arm. He held a truncheon 
in his right hand, ana had a lamp burning before him. The 
man had no sooner set one foot within the vault than the 
statue, ere(5ling itself from its leanin::: posture, stood bolt 
upright, and, upon the fellow advancing another step, lifted 
up the truncheon in his right hand. The man still ventured 
a third step, when the statue with a furious blow broke the 
lainp into a thousand pieces, and left his guest in sudden 
darlaiess. Upon the report of this adventure the countiy 
people came with lights to the sepulchre, and discovered that 
the statue, which was made of brass, was nothing more than 
a piece of clockwork; that the floor of the vault was all 
loose and underlaid with several springs, which upon any 
man's treading naturally produced that which had happened. 
Rosicrucius, said his disciples, made use of this method to 
show to the world that he had re-invented the ever-burning 
lamps of the ancients, though he was resolved no One should 
reap any advantage from the discovery. "t 

The Comte de Resie, in his curious " Histoire et Trait6 
des Sciences Occuitcs, ' | gives a bnet account of the sepul- 
chral lamps, and adds the following narrative : — In the reign 
of St. Louis (1226—1270) there lived in Paris a certain 
Rabbi named Jechiel, who was regarded by the Jews as a 
saint and by Christians as a sorcerer. He possessed a lamp 
which gave out light equal to daylight in brilliancy, which 
required no oil, and burned unceasingly. But what is more 
Singular still, when hunest tradesmen or people of quality 
came at night to knock at the door, his lamp shone brightly 

• Glauber's Work*. London, 1689. Part IT., p. 216. 

i Spe&ator, No. 379, May 15, 1712, wriuen by EusxACti I^udgill. 

X V(iLu.,p.67, X857. 
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as usual, and the Rabbi gave his firiendly ^ests an entrance ; 
but whenever impostors or persons of evu intent presented 
themselves at the door, the lamp grew visibly pale, and the 

Jew took care to fasten the dgor against the intruder. 

The latter half of the seventeenth century witnessed a 
considerable controversy on the subjetft of perpetual lamps. 
On the affirmative side of the question we line the names of 
the Abbot Trithemius, already mentioned ; John Baptist 
Porta, the eminent Italian physicist, the same who invented 
the camera obscura (" Magiae Naturalis," Libri xx., 1558) ; 
the celebrated Italian engraver and painter, Pietro Santi 
Bartoli Le antiche Lucerne, &c.," Roma, 1691, fol.) ; the 
German antiqqary, Lorenz Be^jer ("Lucerne, vet. sep. Berol.,** 
1702) ; the learned Jesuit, Martin Antoine Dvlrio (" Essay 
on Magic," 1599), who attributed the lamps to magic skill ; 
and Fortunius Licetus, the most credulous and erudite of 
all. On the negative side of the question are arrayed the 
names of Vigneul-Marville, a French Carthusian monk 
(1699) ; the learned Jesuit, Athanasius Kircher, whose 

Mundus Subterraneus " has been already quoted ; the 
Italian antiquary and Professor of Philosophy, Ottavio Fer- 
rari Dissertatio de Veterum Lucemis/' Padua, 1684, 4to., 
in Graevius's " Thesaurus Antiq. Ital.") ; the Italian ecclesi- 
astic, Paolo Aresi, Bishop of Tortona (" Sacred Emblems," 
1613) ; the Enp^lish naturalist and antiquary, Robert Plot 
("Phil. Trans., Abr. III., p. 100, 1684; the German che- 
mist, Libavius (" Comment. Alchem.," Part II., Lib. ii,. 
Cap. X., 1595) ; Buonamici, an Italian UUerateur; Fabricius; 
Montucla ; and many others. 

To detail all the points for and against the existence of 
perpetual lamps made by these writers does not come within 
the scope ot this essay. One of the most earnest supporters 
of these fables, Fortunius Licetus, deserves a somewhat 
lengthier notice. 

Fortunius Licetus was bom in the State of Genoa, 
Odtober 3rd, 1577. He was the son of a physician, and, 
having received a liberal education in medicine nnd philo- 
sophy, became professor of these departments of learning at 
the University of Padua. After holding these chairs for 
twenty-five years the rival University of Pisa secured his 
services by a tempting offer ; but nine years later, a vacancy 
occurring at Padua, he returned to his former position, and 
held it until his death in 1657. Licetus was a voluminous 
author, writing fifty treatises on medical, moral, philo- 
sophical, antiquarian, and historical subjects, which were 
distinguished for their erudition, though he displayed little 
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acuteness in research or originality of conception. His 
treatise " De Monstrorum Causis " (1668) abounds with in- 
stances of his credulity and with the superstitions and fables 

of his predecessors. Of all his works none is more cele- 
brated than his treatise on the Sepulchral and Perpetual 
Lamps of the Ancients (" De Lucernis Antiquorum recon- 
ditis," Venet., 1652). This work, of 640 pages in quarto, is 
written expressly to prove the truth of the traditions con- 
cerning sepulchral lamps. The author accumulates a p^reat 
number of witnesses, ancient and modern, quotinj^ kf^^ends 
of Merlin, Porta, Scardeonius, and many others. The work 
is abundantly illustrated with enj^ravin^^s of the perpetual 
lamps, and forms a notable example of misplaced crudiUon 
and credulity. In his first book Licetus mentions thirty in- 
stances of perpetual lamps, including those conne<5ted with 
the mysteries of tlic Delphic Oracle, the ceremonies of 
Jupiter Ammon, and of the Vestal Virgins. The lamp of 
Demosthenes, which burned in the Temple of Minerva at 
Athens, also furnished him with a proof of the possibility of 
an inextinguibhable fire. Licetus also relates the testimony 
pf Jacobonus, author of the " Book of the House of Cesi," 
who mentions several persons who had seen these lamps 
still burning. He confidently relies on the testimony of such 
an unreliable author as Pausanias (175 A.D.), who speaks of 
a golden lamp, in the Temple of Miner\'a, which, when once 
filled with oil, burned a whole year without replenishing — 
a marvel which he attributed to the nature of the wick. 
Licetus refers to the statement of Plutarch, who relates that 
Cleombrotus, the Lacedemonian, visited the Temple of 
Jupiter Ammon, and saw a lamp which the priests said 
burned continually without oil. 

Vii.Mieul-Marville, writing of Licetus's work, ver\' justly 
remarki* that in it "Licetus exhausts all the resources at liis 
command, but after all does not inform us of what we most 
want to know, yiz,, the secret of these perpetual lamps. 

Many endeavours have been made by modem authors to 
account for the persistence of this belief by reference to 
natural causes. Montfaucon remarks no one doubts that 
burning lamps were placed in tombs by the ancients, and 
gives the following inscription from a tomb at Salerno • 
** Adieu Septima ; may the earth lie lightly upon you ; may 
a golden oil cover the ashes of him who placed in this tomb 
a burning lamp." * 

* *' Have Septima, sit tibi terra levis qoisque haic tiunulo posuit ardente 
Igcemaro illim daeiet auiea terra Mgat." 
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Certain writers suggest that the imperishable wicks may 
nave been made of asbestos, or " salamander's wool *' as it 
was called, but they encounter great difficulty in the matter 
of the indestrudtible aliment." Vigneul'ManriUe ascribes 
the flames to the " fat and g^ross vapours enp^endered by the 
corruption of dead bodies and enkindled by the torches used • 
in opening a tomb." Dr. Robert Plot, *' Director of Expe- 
riments to the Philosophical Society of Oxford,'* read a 
paper before the Society, in 1684, which he narrates 
experiments made to test the value of asbestos for lamp- 
wicks. He concludes that this material may have been used 
in the sepulchral lamps, and to account for the inexhaustible 
oil discourses on a spring of liquid bitumen, or naphtha, 
such as occurs in Shropshire : a similar suggestion was made 
by Athanasius Kircher as early as 1665 {** Mundus Subt.,'* 
he. cit,). Other writers conje6ture that the lights found in 
the tombs were of phosphorus — meaning thereby not the 
modem chemical element of this name, but the so-called 
** Bologna stone," which shines in the dark. The elder 
Disraeli brieHy notices these remarkable lep;ends in his 
*' Curlu^,ilies of Liieiatuic," and points out the necessity of 
the oxygen of the atmosphere to ordinary combustion ; he 
considers this fa^ in itself a sufficient refutation of these 
singular traditions. 
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vjIjN attempting to sketch the history of the entrance of 
wonrjen into the medical profession we find the earlier 
^ periods obscured by a meagreness of material and a 
lack of sequence which our superficial feaearchca have lailed 
to supplement. 

Isolated caBes of gifted women attaining notable sufgical 
skill and successfully pursuing^ the divine art of healing are 
recorded at various epochs in the history of the intelledlual 
development of woman, but they occur at long intervals of 
time and in widely scattered chronicles. In the following 
pages we have not undertaken to present an exhaustive 
history or catalogue of female praiflitioners of medicine ; we 
have simply coIlecTted a few scattered notices, and moulded 
them into an outline to be hereafter filled up by a more 

competent hand. 

These notices refer to the earlier history only, and by 
earUer history we mean the period prior to the establishment 
of medical schools for women, and to the present movement 
for their higher education. From the earliest times women 
have successfully grappled with a most difficult branch of 
medical science, gynecology, but long-existing and deep- 
seated prejudices prevented an extension of their pra(5tice, 
and, save in exceptional cases, they were forbidden butii the 
acquirement of accurate and systematic knowledge and the 
exercise of their chosen vocation. So long as the practice 
of medicine formed a part of the priestly fundUonSy as in 
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ancient Eg>'pt, the crafty guardians of superstition sedu- 
lously concealed their superior knowledge from an ignorant 
and credul.-us people, and especially from women. Yet the 
story of tile birth of Moses shows that iemaie gynecologists 
were not unknown to the Egyptians. 

At a later period the Greeks thought to add dignity to the 
pradlice of medicine by forbidding it to slaves and (for- 
sooth !) to women. During the Middle Ages, when every 
branch of Science was more or less dishonoured by degrading 
superstitions, we And women, as well as men, yielding to 
their influence and exercising the double calling of sorceress 
and healer of the sick ; nor has the intelligence of the com- 
mon people even in the nineteenth century reached such a 
height as to render the business of medical clairvoyant 
nugatory and profitless. 

The invention of medicine was almost universally attri- 
buted by the ancients to the gods, and it is a curious fadt 
that in both Egyptian and Grecian mythology we find female 
deities occupying important relations to the healing art. To 
the Egyptian deity Isis, the wife and sister of Osiris, pecu- 
liar medical skill was attributed, nnl a multitude of diseases 
were regarded as the effe<5ls of her anger. According to 
tradition she had given unequivocal proof of her power by 
the restoration of her son Orub lo life. She was the reputed 
discoverer also of several remedies, and even as late as 
Galen the Materia Medica contained several compounds 
which bore her name : thus, in the symbolical language of 
the Egyptian priestly physicians, the vervain was called the 
•* tears of Isis." 

According to the annals of Grecian mythology, Hygeia, 
daughter of .£sculapius, the god of medicine, was worshipped 
in the temples of Argos as the goddess of health* In art, 
Hygeia is represented as a virgin wearing an expression of 
benevolence and kindness, and holding in one hand a serpent 
which is feeding Irom a cup in the other. She was regarded 
as the goddess both of physical and mental health, thereby 
personifying the aphorism " Mens sana in corpore sano." 
The Greeks also ascribed medical power to Juno, who, under 
the name of Lucina, was held to preside over the birth of 
children ; and to Ocyroe, daughter of the Centaur Cheiron, 
who was renowned for his skill in surgery and medicine. 
The sorceresses Medea and Circe were said to make use of 
herbs in their enchantments and for the purpose of counter* 
adting the effedls of poisons. These and similar fables pro* 
bably preserve in allegoric form faAs connected with the 
prance of medicine women in the remotest antiquity. 
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The writrngs of Homer have been examined- to ascertain his 
testimony, but, with the exception of slight reference to 

woman's part in nursing wounded warriors, he Contributes 
nothing to the subjeifi under consideration. 

The learned amon^^ the Celts, the Druids, were at the 
same time judges, legislators, priests, and physicians. By 
persuading the people that they maintained intimate rela- 
tions with the gods, they succeeded in imposing their 
authority on the ignorant masses. " Their wives, who were 
called Alrnunes, exercised the calling of sorceresses, causing 
considerable evil by their witchcraft, but caring for warriors 
wounded in battle. They gathered those plants to which 
they attributed magic virtues, and they unravelled dreams." 
(Dunglison.) 

The first female pra(5titioner who received a medical edu- 
cation appears to be Agnodice, a young Athenian woman 
who lived about 300 B.C. To satisfy her desire for know- 
led^^e she disguised herself in male attire, and, braving the 
fatal results of detedlion, dared tu attend the schools of 
medicine forbidden to her sex. Among her instructors was 
numbered Herophilus, the greatest anatomist of antiquity, 
and the first who dissedled human subjedts. After com* 
pletinj; her studies, Apjnodice preserved her discfuise and 
practised her chosen calling in the Grecian capital with 
great success, giving particular attention to the diseases of 
her own sex. The physicians of Athens, becoming jealous 
of Agnodice*s great reputation and lucrative practice, sum- 
moned her before tlic Areopagus, and accused her of abusing 
her trusts in dealing with female patients. To establish her 
innocence Agnodice disclosed her sex, and her persecutors 
then accused her of violating tbe law prohibiting women 
and slaves from studying medicine, but the wives of the 
most influential Athenians arose in her defence, and eventu- 
ally obtained a revocation of the law* 

The laws and customs of the Romans, as well as of the 
Greeks, were antagonistic to the entrance of women into the 
medical profession, yet Galen, Pliny, and others have pre- 
served the names of a few distinguished in the art of healing : 
— Phaenarete, the mother of Socrates, Ol^mpia of Thebes, 
Salpe, Sotira, Elephantis, Favilla, Aspasia, and Cleopatra. 
Of these, details are generally wanting. Scribonius Largus 
writes of an " honest matron " who cured several epileptic 
patients by an absurd remedy, and mentions having pur- 
chased of a woman a prescription for the cure of cholic, the 
composition of which she had learned in Africa. Why 
Aspasia appears in this connection is not perfectly clear ; 
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the talented wife of Pericles, renowned as " a model of 
female loveliness," was doubtless too involved in affairs of 

state to undertake the absorbinj]^ cares of the medical pro- 
fession. Cleopatra, tlie accomplished and luxurious Queen 
of E^ypt, of whom so many marvels are related, is named 
among tliosc women possessed of medical skill ; she is re- 
ported to have compounded cosmetics, and to have written 
on the art of preserving beauty ; but this statement is pro* 
bably no more worthy of credence than that of the infatu- 
ated alchemists of the Middle Af^es, who would persuade us 
that Cleopatra was tlie foi tunate possessor of the philoso- 
pher's stone and of the universal solvent. In proof of the 
former statement they point to her personal attractions, un- 
changed by increasing years, and to her immense wealth ; 
in proof of the latter they rely with confidence on the well- 
known fable of the solution of the costly pearl at the 

extravagant banquet to Marc Antony. 

In a Roman lady named Fal)iola we find an earlv prede- 
ctij&oi ui i iurence Nightingale, blie was of the iiiusliious 
house of Fabius, and was celebrated in the fourth century 
for piety and chanty. She is to be held in grateful remem- 
brance as the founder of hospitals in Italy, and she is said 
to have personally nursed the sick at Ostia. The establish- 
ment of hospitals is commonly credited to the Emperor 
Julian, 362 A.D., with whom Fabiola was contemporary ; 
perhaps she took an adlive part in the humane movement, 
and held a position analogous to that of lady manager in 
modern times.* 

Half a century later lived a woman justly distinguished 
^or combininf^ in one person a high degree of female loveli- 
ness, womanly virtue, and intellecftual strength : though not 
occupied with the art of healing, we cannot pass in silence 
the accomplished Hypatia. Bom at Alexandria in the latter 
part of the fourth century, the daughter of Theon, an emi- 
nent mathematician and philosopher, she soon excelled her 
father in these branches of learning. After profiting by 
profound studies under celebrated masters at Athena and 
Alexandria, she publicly taught philosophy at both these 
centres of culture. Gibbon writes of her — ** In the bloom 
of beauty and in the maturity of wisdom, the modest maid 
refused her loversand instru(5ted her disciples." On Hypatia's 
inhuman murder, at the instigation of the jealous Cyril and 
his fanatical followers, it is not here necessary to dwell. 

• CelsuB, who wrote in the reign of Augustus (A.D. i), mentions large hot- 
pitals where patients were tn-ated with Bpecifu- nif'diciBeS. (MUligMl'B Ed., 
p. 14.) Seneca abo refers to them a^ " valetudinaiia." 
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The pra(5lice of medicine by women obtained to some 
extent during the Middle Ages. Under the iniiuencc of 
Mohammedaa rule women were placed in excessive isola- 
tion, and it is not surprising to find under these circum- 
stances that certain women were skilled in attending to the 
requirements of their own sex. Thus Albucasis, of Cordova, 
one of the most skilful surgeons of the twelfth century, 
secured the services of properly instru(5ted women for 
assistance in operations on females in which considerations 
of delicacy intervened* Avicenna, also, writing of remedies 
for diseases of the eyes, mentions a collyrium compounded 
by a woman well versed in medical science. On the whole, 
however, the number of women mstru(5ted in medicine 
amun^^ the Arabs was very small, owini^ possibi)' i j the 
inferiority to which women were condeiuaed by Eastern 
usages. 

In Christian countries the nuns as well as the priests 
attended to the healing of the sick as an a(5t of charity and 
piety. Ab^lard, in the twelfth century, permitted the prac- 
tice of surgery to those of the convent of the Paraclete, 
over which H6loise presided. The most celebrated of the 
learned nuns was Hildegarde (A.D. 109S to 1180), abbess of 
the convent of Rupertsberg, near Bingen on the Rhine. 
She compiled a sort of Materia Medica, which comprises a 
variety of superstitious remedies. Radegonde, of France, 
the founder of a convent at Poitiers (died 587), the pious 
ascetic Elizabeth of Hungary (died 1231), Hedwi;^ia, wife 
of Henry the Bearded, and other women who devoted them- 
selves to the care of the sick, may be properly regarded as 
praiseworthy exemplars of Christian benevolence rather 
than educated pra<5titioners of medicine. 

In the famous school of medicine established at Salernum 
by Henedi<5\ine monks, in the eleventh century, wc find 
women taking an important part. Ordericus Vitalis, in his 
Ecclesiastical History" (written about 1130), relates that 
an abbot eminent in natural sciences, and especially distin- 
guished in medicine, visited Salernum in the year 1059 for 
the purpose of discussing medical topics, and found no one 
erudite enou£;h to reply to bis propositions save a certain 
woman of great learning. This woman he does not name, 
but she is supposed to be the same as Trotula of Kuggicro, 
whose reputation at that period was world-wide. At Saler- 
num women were engaged in the preparation of drugs and 
cosmetics, and in the prad^ice of medicine among persons 
of both sexes : such were Abella, author of two medical 
poems; Costanza Calenda, the talented and beautiful 
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daughter of a skilful physician, under ^ whose instrudlions 
she attained to a doAor's degree ; Mercuriade, author o 
several treatises ; Rebecca Guarna, Adelmota Maltraversa 
and Marguerite of Naples, who obtained royal authority for 
pracftising the medical art. — (Beaugrand, in *' DiA. £ncyc. 
Sci. Medicales.") 

The ancient and honourable universities of Italy were, we 
believe, the first to recognise the capacity of women to give 
instruAion of a high character. The University of Bologna, 
founded in 1116, was attended in the year 1250 by ten 
thousand students, engaged in the study of jurisprudence, 
of philosophy, and of medicine. " Here was first taught 
the anatomy of the human frame, the mysteries of galvanic 
ele<5tricity, and later the circulation of the blood." Here, 
too, were the earliest successful experiments in admitting 
women to occupy professorial chairs, for a long line of 
female professors taught in many departments of learning.* 

As early as the thirteenth century two women were num- 
bered among the eminent professors of the University of 
Bologna — Accorsa Accorso and Hettisia Gozzadini ; the 
former held tlie ciiair of riiilosopliy, the latter that of 
Jurisprudence. In the fourteenth century the lovely and 
learned Novella d'Andrea, daughter of a distinguished 
lawyer, often took her father's place in the professorial chair, 
and instru(5led his students in law. Of Novella it is reported 
that she was so beautiful that she le(5lured behind a curtain, 
•* lest, if her charms were seen, the students should let their 
young eyes wander over her exquisite features and quite for« 
get their jurisprudence." The rival University of Padua, 
founded in 1228, had also its female representatives. Of 
these the most distinguished was Elena Lucrezia Cornaro. 
This interesting woman was born at Venice, Tune 5, 1646, 
and at a very early age exhibited an extraordinary capacity 
for acquiring languages. She was familiar with French, 
Spanish, Latin, Greek, and Hebrew, besides her native 
Italian, and had some acquaintance with Arabic. While 
endowed by nature with poetical and musical talents, she 
possessed at the same time great perseverance and capacity 
for serious studies, and discoursed eloquently on abstruse 
topics in philosophy, mathematics, astronomy, and theology. 
At the age of 32 the University of Padua conferred upon 
her the degree of Dodtor of Philosophy. Cornaro seems 

* According to Madame Villari, whose paper* on the " Learned Women of 
Bologna ** fomith m with many of the aocceedinir data, there n to the prei^ent 
day nu l.iw preventing women hum graduating at Italian nntvenities or taking 

pioIcMuhal po«iiioi)8. 
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never to have held any public position, bein^ naturally of a 
retiring disposition, and moreover exceedingly devoted to the 
order of St. Benedict. After acquiring a European reputa- 
tion she died at the comparatively early age of 38 (1684). 

The beginning; of the following century witnessed the 
birth of one of the most gifted women the world has ever 
seen. Laura Caterina Bassi was born at Hologna, 0<5lobcr 
31, i7ii. She was the daughter of a distinguished lawyer 
and litUrateur, and at a tender age manifested extraordinary 
precocity, being able while still a child to trandate fluently 
moat difficult Latin and Greek. Encouraged by her father, 
she pursued her studies under the guidance of eminent 
masters ; she learned physiology and medicine with the 
erudite physician Gaetano Tacconi, mathematics with Man- 
fredi, and natural philosophy with the disciples of Gassendi, 
and she astonished these profound philosophers by lier 
talents. Laura Bassi studied for the pure love of know* 
ledge, and had no ambition to seek public honours, but, to 
gratify the pardonable pride of a father as well as the 
earnest desire of her instru{5\ors, she consented to support a 
philosophical thesis before a learned audience of professors. 
This event took place on the 17th of April, 1732, before she 
had reached the age of 21 years. The occasion was made 
one of festivity by the whole city, who turned out to do her 
honour ; the assemblage was presided over by two cardinals 
— Lanibertini, afterward Pope Benedi(5l XIV., and Grimaldi. 
According to custom her thesis was opposed by seven 
learned men ; to these she leplied in elegant Latin with 
great success and amid the applause of the distinguished 
audience. A month later the degree of Doiftor was con- 
ferred upon .her, and she was honoured by a position in the 
Facult) )f Philosophy. The Senate subsequently bestowed 
upon iiLi tlie chair of Physics, and commemorated the event 
by stni^ing a medal which bore her own portrait. vSiie held 
the professorship twenty-eight years with marked success, 
paying particular attention to mathematics and physics, also 
to belUS'Utires. Several academies of learning elected her 
to membership. In 173S she was married to J. J. Veratti, 
a physician, and became in the course of time the mother of 
twelve cliildren. A learned French lilierateur who visited 
Bologna in her day thus describes her appearance : — 
"Laura Bassi has a countenance slightly marked with 
small-pox, but of a sweet and modest expression ; her black 
eyes are sparkling, yet tranquil, and she is serious and com- 
posed in demeanour without affecftation or vanity. Her 
memory is tenacious, her judgment sound, and her 
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imagination aAive.*' She died in the year 1778, at the age 
of 67. 

Laura Bassi does not seem to have parsned medical stu* 

dies, and certainly never engaj^ed in pradlice ; but any 
account of the gifted women of Bologna who laboured in 
this direction would be incomplete without a brief notice of 
Madame Veratti. 

Contemporary with this interesting woman lived another, 
less gifted but scarcely less renowned. Anna Morandi was 
born at Bologna five years later than Lauri Bassi, and died 
four years earlier. She became the wife of Giovanni Man- 
zolini, a poor, hard-working makii ol anatomical models. 
Manzuimi was an expert painter and modeller in wax, and 
was employed by one Leili to construct a series of ana- 
tomical models for the use of the professors in the Institute 
of Bologna. Anna not only aided her husband, but soon 
surpassed him in skill, and particularly in that scientific 
knowledge upon which the success of their joint labours so 
largely depended. About this time Giovanni Antonio Galli, 
a skilful surgeon and professor of Gynecology, opened a 
school of ohstetrics in his house, and, encouraged by himt 
Anna began to ledture on anatomy to private classes. In 
these le(5tures she not only imparted with peculiar talent the 
knowledf^'e derived from her husband, but she also commu- 
nicated many discoveries made by herself. So great was 
her skill in all dissections requiring delicacy of touch and 
minuteness of detail, and so clearly did she demonstrate, 
both theoretically and practically, the wonderful strudture 
of the human body, that she rapidly acquired a European 
reputation, and her le^ure-room was frequented by students 
of all countries. 

In 1755 Anna Manzolini became a widow, and was left 
with very slender means of support, but her good qualities 
raised up friends who secured for her a comfortable sub- 
sistence. Though she received tempting offers 'from other 
Italian universities, and even from England and Russia, she 
preferred to remain in her native city, Bologna. Not long 
after her husband's death she was apjpointed to the chair of 
Anatomy in the Bologna Institute. 

Anna Morandi-Manzuiini enjoys the distinction of iiaving 
been the first ** to reproduce in wax such minute portions of 
the human body as the capillary vessels and the nerves." 
Her colledlion of anatomical models, still to be seen at the 
Institute of Science, bears silent testimony to her remark- 
able skill and accurate knowledge. "Her lecitures were 
delivered in the fragrant cedar hail which is one of the 
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modern sights of Bologna, and in which Lelli's anatomical 

wooden figures supporting^ the canopy over the professorial 
chair attiad\ general admiration." In ihe anatomical gal- 
lery of the university is to be seen her portrait in wax, 
modelled by herself at the request of many admiring friends. 
Anna Mandolin! closed a laborious and honoured life in I774> 
at the age of 58 years. 

The city of Bologna, in the middle of the eighteenth 
century, saw three gifted women simultaneously occnpyin?:^ 
seats m the faculty of its ancient university. Besides Laura 
Bassi and Anna Morandi-Manzolini, of whom we have 
bnclly spoken, Maria Gaelaau Agnci»i wati ccjually distin- 
guished. 

Maria Agnesi was horn at Milan, March 16, 17 18. At an 
early age die manifested a remarkahle facility for acquiring 

languages, and when only 20 years old was able to discourse 
in t>ench, Spanish, German, Greek, and Hebrew, besides 
her mother-tongue. She displayed marked ability also in 
philosophy and mathematics, and while still young sustained 
one hundred and ninety-one theses, which were afterward 
printed under the title Propisitiones Philosophic cu." In 
1748 Agnesi published a treatise on algebra, including the 
differential and integral calculus, in which she displayed 
wonderful judgment and erudition. This work (" Institu- 
zioni Analitichi ") was afterward translated by Colson, the 
Lucasian Professor of Mathematics at Camhridge, and was 
used by the students of that university. In 1750 her father^ 
who was Professor of Mathematics at the University of 
Bologna, fell sick, and she obtained permission of the good 
Pope Benedidlus XIV. to occupy her father's chair. In 
person Agnesi is said to have been beautiful, modest, and of 
pleasing manners. Her severe studies overtaxed her deli- 
cate frame, and shortly after she renounced the world and 
took refuge among the Blue Nuns at Bologna. In this 
nunnery she lived several years a devotee and an. invalid ; 
she died in 1799. 

While Laura Bassi taught physics, Anna Morandi-Man- 
zolini anatomy, and Maria Agnesi mathematics, in the 
Bolognese University, we might naturally expedl the gentler 
sex to avail themselves of the opportunity of studying under 
their sisters' instructions. And such, in faA, was the case : 
the names of some of these students are recorded by the 
historian, many of whom received the degrees of Doctor ot 
Pliilosophy and Do(ftor of Medicine. In 1709 Do(^^or Maria 
ulIIc Duimc appeal:^ ab i'lulcbsor ol Wedicuie and UbsLe- 

trics; Clotilda Tambroni was Professor of the Qreeic 
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Language and Literature, from 1793 to 1808. To these 
names should be added those of Novella Calderiiii, Madda- 
lena Biion'^ii^'nori, Dorotca Hocchi (who was both do(5tor and 
professor) Cluistina Koccati, Ph.D., Zaffira Ferretti, M.I)., 
Maria Sega, M.D., and numerous gjaduates of Padua, Pavia, 
Ferrara, and other Italian universities. 

Leaving the Italian peninsula, which was so produdtive of 
remarkable personages, we will briefly examine the position 
of women practitioners of medicine in other parts of 
Europe. 

Beangrand states that the most ancient document extant 
relative to the organisation of surgery in France forbids the 
practice of surgeons and of femaU surgeons who have failed 
to pass a satisfactory examination before the proper author* 
ities. This paper bears the date 131 1. References to female 
surf^cons appear aj^ain in nn edicf^ of King John in 1352. 
F'rom these documents it appears that women exercised the 
fun(ition of surgeon under legal authority. At a somewhat 
later period we find the calling of physician followed by 
women in Spain, Germany, and England. 

In Spain, the Universities of Cordova, Salamanca, and 
Alcala honoured many women with dod^ors' degrees. We 
note also the appearance at Madrid, in 1587, of a learned 
medical work entitled ** Nueva Filosofia de la Naturaleza 
del Ilombre," and published over the name Olivia del Sabuco. 
Of this person, however, nothing whatever is certainly 
known, and it has been conjectured that the name Olivia 
was a pseudonym assumed by some eminent physician. 

In Germany many women cultivated medical science : 
Barbara Wcintrauben was an author of no cncat merit ; the 
Duchess Eleanor of Troppau, Catharina 'l issheim, Helena 
Aideguridc, and Fiuu iiixlebea are deserving passing notice. 

The last-mentioned was one of the most successful female 
practitioners of the last century. Her maiden name was 
Dorothea Leporin, but she is best known as Frau Erxleben. 

Fraulein Leporin pursued her medical studies at the Uni 
versity of Halle, and obtained a diploma m 1734. She 
settled in the little town of Quedlinburg, at the foot of the 
Hartz Mountains, became the wife of the re(5lor of the 
Church of St. Nicholas in the same place, industriously 
practised her profession, and bee lhic eminent for !ki skill 
and learning. Her son, J. C. P. Erxleben, inherited from 
his mother a love of scientific pursuits, and became a dis- 
tinguished naturalist and professor in the University of 
Gottingen. 

In England, Anna Wolley and Elizabeth of Kent were 
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occupied with the preparation of drugs as early as the 
seventeenth century, and both published works on medical 
Bubjedts. 

In this hasty and superficial sketch of the history of the 
early pracftice of medicine by women we would not be true 

to the fasfts if we omitted mention of certain ignorant and 
vulg^ar women who assumed medical knowledge and medical 
skill to imjjose upon a too credulous public. That avaricious 
women, iond of notoriety and careless of their reputation, 
should imitate the methods adopted in every age by unprin- 
cipled men, is not surprising, though it may be mortifying. 
To this class belonged Louise Bourgeois, nurse to Marie de 
Medici, the Queen of Henry IV. of France: thoup:h an 
ignorant charlatan, she acquired extraordinary influence 
over her royal patroness, and her career abounds in curious 
eventful episodes. She was the author of several medical 
treatises on the diseases of women, one of which was pub- 
lished at Paris in 1617. 

A century later another female practitioner flourished, of 
whom women have no reason to be proud. In the year 1738 
Mrs. Joanna Stephens proctr'imed in London th U sl-ie liad 
discovered a soveicigii remedy lor a painiul dibca.hc. Not- 
withstanding her gross ignorance and vulgar demeanour she 
secured a large circle of patients from among the upper and 
wealthy classes, and, after enriching herself by enormous 
fees drawn from their credulity, she proposed to make her 
medical discovery public in consideration of the modest sum 
of twenty-five thousand dollars. A subscription was started 
for this purpose and enthusiastically taken up ; the clergy, 
lords, and ladies, with an inexplicable infatuation, hastened 
to add their names to the list of subscribers. Failing, how- 
ever, to raise so large a sum of money, Mrs. Stephens's 
friends obtained a grant of the desired amount from Parlia- 
ment. I he certificate testifying to the utility, efficacy, 
and dissolving power of the medicines," bears the date 
March 5, 1739, and is signed by twenty justices. These 
dearly purchased remedies were three in number, a powder, 
a decocflion, and pills." The powder consisted of calcined 
egg-shells and snails ; the deco(5lion was a disgustincj mix- 
ture of herbs, soap, and honey, boiled in water ; and the 
pills were made of "calcined wild-carrot seeds, burdock 
seeds, ashen keys, hips, and haws — all burned to a biauivuess 
—-soap, and honey.*' 

Contemporary with Mrs. Stephens lived another impostor, 
Mrs. Mapp, sometimes known as " Cra/y Sally of Epsom," 
and described as an '* enormously lat, ugly creature, 
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accustomed to frequent country fairs, about which she loved 
to reel, screaming, abusive, and in a state of beastly intoxi- 
cation." This attractive lady was by profession a bone* 
setter, and was patronised by patients of rank and wealth, 
who sought her charily bestowed favours with ill-disgruised 
contempt of her person. The town authorities of Epsom 
greatly esteemed Mrs. Mapp, or perhaps we should say 
highly valued the benefit the town derived from the influx 
of wealthy patients, and th^ offered her the sum of five 
hundred dollars per annum if she would continue to reside 
in the town. 

The first hnlf of thi'^ centriry has witnessed the career of 
a few women eminent in the art of healing. In France 
Madame La Chapelle had an extensive g>'necolof^ical prac- 
tice, and Madame Boivin attained to such distindiion that 
she was honoured with the degree of DoAor of Medicine by 
the University of Marburg. In Germany Charlotte Heiden- 
retch and Frau Heiland, her step-mother, were similarly 
honoured with dodlors' diplomas. 

It is the glorj' of America that she is distinguished above 
all countries not oniy as the cradle of liberty, but also as 
the foster-mother of the intelle<5tual advancement of women. 
Yet this has not always been the case : in the early chro* 
nicies of the colonists (themselves refugees from persecution) 
we find, strangely enough, many laws of an exacSling and 
repressive charadler, some of which were aimed directly at 
the ambition and zeal of women. In the famous Blue Laws 
of Connecticut the loliuwing curious entry occurs under the 
date of March, 1638: — "Jane Hawkins, the wife of Richard 
Hawkins, had liberty till the beginning of the third month 
called May, and the magistrates (if shoe did not depart 
before) to dispose of her ; and in the mean time shee is not 
to meddle in surgery or phisick, drinks, plaisters, or oyles, 
nor to question matters of religion except with the Elders 
for satisfa<5\ion." — (" True Blue Laws ui Connecticut," by 
J. H. Trumbull. 1876.) 

A hundred and forty years later we find marked progress 
in liberality in the State of Connedlicut. As early as 1773, 
in the town of Torrington, Litchfield County, two women 
were gi eatly honoured and much sought for on account of 
their remarkable skill as accoucheuses. The first of these, 
Mrs. Jacob Johnson, to quote the historian of Torrington 
(Rev. Samuel Orcutt), was as thoroughly known and 
trusted in her profession as any physician that was ever in 
the town. ** She rode on horseback, keeping a horse for the 
special purpose, and travelling night and day, far and near," 
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to meet her engagements. *'She kept an account of the 
number of cases she had, and the success of the patients, 
and the new-comers, and of these last there is at least one 
living in the town. In the midst of her usefulness she was 
removed by death, and it became a great inquiry, * Who will 
take the place of Granny Johnson ?' " This question was 
answered more successfully than anticipated in the person 
of Mrs. Huldah Beach, daughter of Aaron Loomis, jun. 
Mrs. Beach became as celebrated in her calling as Granny 
Johnson, and continued to attend to her professional duties 
until an advanced age. She was a womnn of remarkably 
fine personal appearance and decided dignity of carriage, 
yet marked kindliness of manner. Her intelledluai strength 
and ability was perceptible to every one, and she in conse- 
quence commanded great respedt in all classes of society, 
and won the confidence of the ^leople so that but few calls 
were mnde on any other physician in her specialty, on the 
western side of the town. She also rode as far as Winches- 
ter, Goshen, and Litchfield. 

Dr. Orcutt, whose "History of Torrington " has furnished 
Qs with these particulars, remarks in this connection — 

Many have imagined that, in the pra(5lice of medicine by 
women, a new era has arrived, but in this there is only a 
'restoration of the lost arts.' *' 

Our allotled task is completed, yet we cannot close this 
address without a brief survey of the present period, in 
which the facilities afforded women in all branches of 
learning contrast strongly with the impediments and obsta- 
cles formerly well nigh insurmountable. 

Women desirous of acquiring medical knowledge are no 
longer obliged to disguise themselves in male attire like 
Agnodice the Athenian, nor are pratflitioners liable to suffer 
the penalties of the law lur then works uf benevolence and 
charity. In 1880 the young woman with aspirations for 
intelleiftual culture finds open to her such excellent training- 
schools as Holyoke, Wells, and Rutgers, — such noble insti- 
tutions as Vassar, Smith, and Wellesley. Docs she not 
shrmk from con tadt with her brothers, she may gain entrance 
into many universities, either expressly founded in a liberal 
spirit, — as Oberlin, Cornell, and Ann Arbor, — or which have 
yielded to the steady pressure of public opinion, and now 
open their doors more or less widely to the gentler sex. To 
enumerate the latter would be tedious and unprofitable; suf- 
fice it to say that even venerable and aristocratic Harvard 
has lately joined the number, and our own Columbia, should 
her President's views prevail, wiii not be slow to follow. 



Digitized by Google 



1 6 Early Practice of Medicine by i^Vomn. 

The young woman who seeks intelledtual training of a 
more technical charadler, with a view to adopting a pro- 
fessional career, will find many avenues openin*; up with 
constantly increasing piivilcg^es and facilities. 1 he student 
in art, thanks to the philanthropy of our venerahle citizen, 
PcLci Coopci, can, without incuriing expense, acquuc a 
knowledge of designing or of wood-engraving which will 
hardly fail to secure for her a competence. The student in 
biology will receive her share of attention at a summer 
school of science on our Atlantic seaboard, or held in con- 
necftion with some enterprising institution of learning. 
Tile student in pharmacy and chemistry can conduct her 
researches on an equality with men, or, if she prefer, in 
laboratories controlled and officered in large part by women 
themselves. 

The student in medicine now gains access to medical col- 
leges in nearly every State in the Union, and the legitimacy 
of her pursuit as well as her ability to grapple with it gain 
increasing advocates. " Siie is no longer regarded as too 
good and too stupid to study medicine." The candidate for 
medical honours also finds in Boston, Philadelphia, New 
York, and Chicago, well-appointed schools of medicine espe- 
cially ^ulapted to her needs, with corps of trained and 
sympathising instructors ready to lend a helpmg hand. 

Looking across the Atlantic, we find countries so lately 
intolerant of the intellectual advancement of woman at last 
yielding, not always gracefully, to the inevitable. The little 
republic of Switzerland, and the mighty empire of Russia 
have for many years manifested practical sympathy with the 
cause ; and now, slowly yet surely, conservative England 
begins to reco[mise the fa(f\ that the Anglo-Saxon race, with 
its boasted love of liberty, has been neglectful of its duty to 
womankind. 

To trace any more fully the history of the recent period 
does not fall within the province of our address ; we look to 

the pioneers of this movement who are still with us, for an 
exhaustive and authentic record such as participators and 
eye-witnesses alone can supply. 
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ANCIENT METHODS OF FILTRATION.* 



THE eeparation of a liquid from solids Buspended in it, by stnuDing 
through some material pervious to the one and impenetrable to 
the other, was a familiar process in the remotest antiquity. Obsenra- 
tion of variuuH jirocesses in nature, such as the purificatiun of water 
by trickling through sandy soil, or perhaps the accidental passage of 
rain-water through an outstretche<l cloth, a «riinnont, or a tent-cover, 
would obviously suggest the simple expedient. History fails to record 
the period of the invention or the name of the individual who fii-st 
put it in practice. Ktymological considerations siiow tliat filters were 
early made of fulled wool or felt ; the Latin Jilt m at, " a tilter," being 
closely coinieeted with felt rum ^ " felt," or compressed wool, and both 
are related to the Greek -kiXo^^ signifying hair. 

Several writers on the history of science make casual reference to 
the operations performed by the early ohonlsts : some state in a gen- 
eral way their acquaintance with the processes of distillation, sublima* 
tion, filtration, etc. ; others are more expUcit. Hermann Kopp, in his 
exhaustive "Geschichte der Chemie,"! states that ''filtration as a 
chemical process was first accuratdy described by Geber, who calls it 
by a special name, (lestillatio per ^fUtrum^ * trickling through a filter,* 
in contrast to the collection of a liquid by ordiTi:iry distillation." Fer- 
dinand Hoofer, in his " Histoire de Chiraie"| whtinL-^ f Geber, men- 
tions that he recogni/ex two kinds of distillation— with and without 
fire — tlie fonner being *' per alembicuiu," and the latter consisting of 
" une sinijile filtration." 

Now. w (' proj>ose to show that the ancients earri«'(l on tlie operation 
of tiltration in two ways, essentially *listinct in principle ami in the 
manner of execution, and that these methods were characterized by 
two different expressions which have been confounded by the authors 

* I'w ad before the New York Academy of Sciences, October 13, 187». 
f YoL il, p. 26. X Vol. i., p. S36. 
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named. Moreorer, we shall establish this by quotations from writings 
coTering a peaiod of more than two thousand jears. 

In the first place, an examination of the yetj passage in Geber*s 
Works, referred to by Kopp and by Hoefer, shows that the method 
therein described differs radically from filtration as ordinarily con- 
ducted at the present time. We quote the passage as found in the 
works of Geber, " the most famous Arabian Prince and Philosopher," 
"faithfully englislud by Rjichard] R[us8ell],'* and printed at London 
in 1678. In the thirttontli chapter of the fourth i)art <>f the first book 
of the "Sunuiie of Perfeetiun,'" Geber treats of the three kinds of 
distiiiatioii : by an Alenibeck," by a '* Decensory," and "by Filter." 
After deseribin«r in quaint language the well-known inetliod of using 
the alembic and the decensory (whi< li dilier.s chiefly ui the application 
of heat on the top of the apparatus), Geber writes thus of filtration : 
*'The Di^potiiion of that which is made by FUkr is, that the Liqucr 
to be DieiiUed be put into a Skme Coneha^ and the wider part of the 
JitUer put into the said Xt^uor, even to the Bottom of the Concha, 
but the narrower part of it hang out over the OriJUse of the said Ves- 
sel And under that end of the FtUer must be set another Vewel for 
receiving the Distillation* Therefore when the Filter begins to Dis- 
tUlf the Water with which it was moistened will first Uistill off ; which 
ceasing, the Liquor to be Distilled succeeds. Which Liquor^ if it 
be not as yet serene, it must so often be put into the Concha again 
and redistilled, as until it be Distilled most serene." 

This dates frotn the eighth century, and evidently describes a sort 
of capillary siphoning. The ex}>ression8 '* placing the wider part of 
the filter " into the liquid antl allowing the *' narrower part of it to 
hang out over" the vessel admit of no other interpretation. For 
conTcnience of distinguishing this method of filtration from that in 
which porous sacs are em]>loyed, we propose to name the former 
aneihiH^f a word made from dvd, ^ upward,*' and ly^i^rc^, a straining 
off.** A study of the chemical works of the middle ages further shows 
that the expression "destiUatio per JUtrum" is invariably used to de- 
scribe anethisU, while "JUtratio " is applied to ordinary filtration. We 
shall give quotations proving this, but first make brief reference to 
eariy records. 

The ancient Egyptians portray in the rock-cut memorials the oy^era- 
tion of tiltr.ation in connection wiiii the manufacture of wine. Tlieir 
simple win< -press consisted of a bag in which tlie grajies were placet!, 
and sque* zed by means of two poles turned in contrary directions. 
Stnall colanders of bron7:p have been found at Thebes. Views of the 
interior of an Egyptian i<itchen, cut in the tomb of Kanieses III. at 
Thebes, represient siphons in use for drawing off liquids of various 
kinds. (Wilkinson,) The ancient Romans employed strainers and 
colanders (eotum) made of a great variety of materials. Wine-strain- 
ers were made of silvw and bronse ; the poorer classes used linen, and, 
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where nieety was not required, they used those made of bioom or of 
rashee. Strictly speaking, however, percolation through colanders ia 
not filtration, for capillary action plays no part* 

It is interesting to note that the earliest mention of filiation which 
a brief search has disclosed refers to the method we have ventured to 
call (inethisU. Tbts occurs in Plato^K Symposium,** written about 
four hundred yeare before the Christian era ; the pausage is as fol- 
lows : " Socrates then sitting down, observed, ' It would be well, 
Agatho, if wisdom were a thing of such a kind as to flow from the 
party filled with it to the one who is less so, wlieii they toueh each 
utlicr, like water in vessels running by meaofi of a thread of wool from 
the fuller vessel into the emptier.'"* 

Aristotle, the pupil of Plato, in his essay " De Generalione Ani- 
malia," refers to the other process in the following words : " Flesh 
is produced, therefore, through the veins and pores, the nutriment 
being deduced in the same manner as water through earthen Tessels 
not sufficiently baked.'* 

This passage, together with others occurring in Plato, shows that 
both systems of filtration were employed at thait early period. 

Geber, whose clear description of anethisis we have quoted, was 
followed by the celebrated Arabian physieian, Rhazes ; he uses the 
same expression, " destillatio per filtrum,'' in the following passi^ : 
" Dissolve as much [common salt] as you wish in five times as.mucb 
warm soft water, and distill per iiltrum and congeal [i, e., crystal- 
lise]." f Uluizes died about 9H0 a. n. 

Among thi' early writers on aleheniy, no one is oftener quoted than 
Raymund Lulli, surnanuwi the Knlightened Doctor (horn 1'235, died 
1315 A. D.). In his works we find the following; i-haraoteristic pas- 
sage : " Take, in the Name of God, great liay JSalt, as it is made out 
of the Sea ; take a good quantity and stamp very small into a stone- 
morter : then take Cuourbites of Glass and pour your Salt therein : 
then take fair Well-water, and let your salt resolve into cleer water ; 
being all dissolved then distil it by Filter ; that is to say, hang a jag 
Felt or Woolen cloath in the Cucurbite ; and let the other end hang 
in another Glass beside it, set as it were under it, that the water may 
drop into it that the Felt or Cloath may draw out and that shall be 
deer as silver." 

This unmistakable description of anethisis occurs in the first chap- 
ter of a booklet bearinfif the following title : " Philosophical and 
Chymical Experiments of the Famous Philosopher Raymund Lulli 
. . . . wherein is contained .... the admirable and perfect way of 
making the great Stone of the PhilosQphers as ... . sometimes prac- 

* riat4i'ti wurkii, Kurges'ti traualatiun, vol. iii., p. 480 (Bohn), 
t OQlle«t ex Bhsri In Huguita FlwtloM Novella of Petrm Bonus (1S80), Yene- 
tia, 1549. 



Digitized by Google 



6 



tified in England by Rsymund Lulli in the time of King Edward the 
ThiTd." London, 1657. 

Thomas Atjiiinns, the eminent scholaistic teacher of the thirteenth 
century, who is best known by his theological and metaphjaiosl worka, 
also paid some attention to sri« iititio piirsuits, poaaibly aoquiring this 
taste from his learned master, Albertus Magnus. Aquinas, or the di- 
vine l^homas, as he was called by his admirers, defines distillation to 
>»e tlu' *' |»iiritii :it ion of waters; falling drop by drop, and effected by 
placing a tiltt r cut in the shape of an iron dart in the little dish con- 
taining the water to be distilled.'** 

Libavius, in his remarkable work, "Alehymia," sometimes called 
the tirst text-book of chemistry (published in 1595), devotes two entire 
ohapten to the auhjecta of distillation and of filtration.f In the 
fourteenth chapter he describes, with much attention to detail, the 
manner of filtering by means of pieces of felt (ktcinia) shaped like 
m oX'tongue, the broader portion of which is placed in the vessel 
containing the liquid to be filtered, and ** the apex in the recipient, or, 
if the vessel has a narrower neck, in a suitable funnel.** This demon- 
strates that the method was not resorted to on account of the want of 
proper funnels, and suggests that perhaps a special virtue was attrib- 
uted to a liquid thus puritied. 

Lihavius's work contain'^ rndo woodrnts ilhistrating different meth- 
ods of procedure. For pcrfit ling the purilication a scries of four 
vessels was used. These were p!a<M'd o\\ steps, tiiie above another, 
and the lit^uid passc«l through a capillary siphon from the uppermost 
to the one itnim diatelv below, and thence bv another siphon to the 

• ' * I 

third vessel, and so on to the fourth. This series of vessels can be 
inclosed In a glass-covered box for filtering volatile liquids. Another 
woodcut represents the lower end of a capillary siphon hanging into a 
funnel inserted in the neck of a flask. The method thus clearly por- 
trayed is called desiiliatio fxtr ktciHias^ and is evidently regarded as a 
process of distillation ; ordinary filtration through porous stones and 
through bibulous pa])er is treated in another an<l following chapter. 

Libavius makes reference to " llippocrates's Sleeves," | by which 
name were designated conical felt bags used in filtration. 

Sir Robert Boyle, in liis " Kxperiments touching the Spring of the 
Air," writes as follows: "Soinc lenrned mathtmaticians have of late 
ingcTHt>usly endeavorcfl to r<'dui f liltcrs to vi|,ljons, but still the true 
cause of the ascension of water and «itiicr liqiuu's, both in siphons and 

• *'Fivtiu,^;i Mai L'iH'it I Novella " .,f IVtnt- Rnnii< H VeneUa, IMS. 
f '* Comment. Aldiymia," Part I., lib. iii., edition innti. 

\ The origin of thi^j curious term we have been uuiiblu to dk^cover^ nor » it of common 
(loeurrcnce in early writiagB on dieniistry and pharmaqr. The only ezplsiiatioii of the 

expression which we have as yet found occurs in the " hximii unvum Mtditnm Graeo- 
iMlinnin^' of Stcplu ii IViuicardus, tiuhlishcd in 17<»'2. This .Kitlior writes as follows: 
**MaHiea lUppofniiiH est sacculus luneus fjgura pyramidali, quo vinii urotnatictt et medi* 
oamentoM, aliique Hquoree peroolaatur; ex *«to «fc6 et Kcponqui mUceo.** 
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in filtration, [requires] a dearer discovery aiul exitlication." And in 
another place he gives thi$ "explication": "The parts of the tiiter 
that touch the water being swelled by the in^resH of it to their pores 
are thereby mafic to lift np the water till it touch the siijierior parts 
of the tiltcr that are almost contiijuous to tlu'iii ; l>y whicli means, 
tlu'sc being also wetted and swelled, raise the water to th( other 
neighboring parts of the filter till it have reached the top of it, wheuce 
its own gravity will make it descend." f 

These passages can only apply to anelhisis, which waa apparently 
a common method of filtration in Boyle^s day. 

Again, to trace this process still later, Juncker, in his Conspec" 
tus Ohemia;," published in 1730, describes seven kinds of filtration. 
These differ chiefly in respect to the materials used : two methods, how- 
ever, are essentially distinct ; the one is styled "JUtratio )7er ehartam 
bihuhnn . . . in fundibulo rttno" (filtration tlirongh bibalotis paper 
in a glass funnel), and the other is described in the wonls **per seg- 
mtntuin jHimti html /'<_'/ hwhiimn boinbtfcinani vel Junlcultm (josst/pH^'* 
(through shreds of woolen cloth, silken threads, or through little 
strings of cotton). 

Our friend l*n»r('ssor S. A. Lattiniore sends us another reference to 
this process from Tlie Laboratory or School of Arts, etc., conipiled 
by (t. Smith, sixth edition, London, 1790" (vol. i., p. 4;^;")); the passage 
is aj» iollows : 

" To separate Water from Wine. — Put into the cask a wick of cot- 
ton, which should soak in the wine by one end and come oat of the 
cask at the bang-hole by the other ; and every drop of water which 
mav lui])pen to be mixed with the wine will stUl out by that wick or 
filter." 

Thus we see that, so recently as the close of the last century, ane- 
thisis was accounted a practical method of filtration. 

We have not found this method in Hoerhaave (17:i7), nor in 
Lemery (1675), nor does Faraday, in his "Chemical Manipulations,'"* 
make any allusion to it. As a process of purification of solutions, it 
seems to have been l<»st "^ight of in modern laboratory practice. 

W'v liavo made trial (»r tlu; metho<l rendered noteworthy by more 
than t\\(» ilumsand years' pr.i( ti<e, and tirid that, while the process is 
quite slow, it has certain advantages. Chief among these is the fact 
that, when the capillary siphon is adjusted, it requires no further at- 
tention ; there is no pouring into a constantly emptying funnel, and 
there is no possibility of overflow. Wben properly airanged, the last 
drop of liquid passes from the upper vessel to the lower, and, except 
in certain cases of extreme divisibility, the filtration is perfect. The 
process seems particularly adapted to the purification of weak solu- 
tions, as of mineral waters, where the insoluble portion is not to be 
conserved. There is obviously much choice in the material of which 

* Bojrle'a Worki, London, 1772, vol. i., p. 79. f Idem., vol. iiL, p. S88. 
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the capillary siphoD is made. Webave tried cotton, wool, lampowicky 

and asbestus, and we find stout, silky wads of the latter most soricc- 
able ; it is also useful for filtering very acid and alkaline solutions. 

The rapidity of filtration does not seem to be hastened by length- 
CDinG" the longer arm of the siphon, and is chiefly dependont on the 
number of thn'a<l>i in the filter, and on tlx'ir fineness. In one ex|ieri- 
ment, thirty-two strands of cotton yarn filtc'red twice as fast as sixtiM-n 
strands, and only half as fast as sixty-four strands. Oil tiltt rs nua li 
slower than saline solutions, and the latter much slower than pure water. 

We have used the expression " capillary siphoning '* in describing 
anethims, and perhaps it needs jnstifloatioii. The ascenrion of die 
liquid is due to capillarity, and the descent through the longer arm of 
the siphon is in obedience to gravity. Siphoning is dependent on 
atmoepheric pressnre, and can not be striotly applied to the present 
case ; yet we find by experiment that, if tiie lower arm of the woolen 
threads (»e raised to the level of the liquid to be filtered, the action 
ceases, and the form of a siphon is at all events essential to the process. 

The quotations ^m ancient authors show that they must have 
been quite familiar with capillary attraction, yet the tirst ohservance 
of this phenomenon is attrihutcd by some authorities to Frnnrlscus 
Afi^g-iunti, physician to (he (rrand Duke of Tuscany, about the begin- 
ning of the seventeenth century.* (Aggiunti died 1635.) 

In conclusion, tlie object of this paper is not to propose a return to 
this ancient method of filtration, the modern ra]>id processes being 
more in accordance with present needs ; but we have thought it not 
altogether useless to call attrition to a neglected process which can in 
certain cases be employed with advantage. Where the object of filtra- 
tion is to collect the insoluble portion, it is obviously of no value ; 
whether the process could be sidvantageously used on a large scale 
remains to be tested. 

* Oehler'A " Pliyi^ikiiliMiiM Wttiterbucfa,** ftrtide " Gkplltoritftt.*' 
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OW TKB OOOlfRRKI^CE OP MICROSCOPIC CrySTAT.S IS TH^ VbBTB' 

BRA OF THE Toad {Bu/o Amerkanus). By H. CabriHGTOIT 
BoLTOKt of Hartford, Conn. With a Notb bt Albxu A. 
TuLiBK, of New York. 

The microscopic crystals ooDtained in the capsules attached to 
the spinal nerve of the fK>g have been exaiuiiieti by many Ilistol- 
ogists. Tliey were first noticed, we believe, by the learned Flem- 
ish physician, Blasics ^ in the latter part of the seventeenth 
century. Swann, iu his Comparative Anatomy of the Xervous 
System gives figures of them without any detailed description, 
Bod Wagoer* rePen to ttie oryttBls as follows : ^* The ganglia 
Bdmit of being very readily demooBtrated, lying npon the sides of 
the vertebral oolnniB } they are sitoated near those small white 
vesicles which protrude by becoming swollen, chiefly during the 

> Anal. Antnialium. Am«t. p. SVl, 1881. 

•Plate VII, llgs.SaodG. 

•Comp. AML VertelitaMi^ partly ISI. 
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si)iin<i of the year, and contain numerous microsoopie falcaicous 
crystals." They were also olisorvctl by Stnunius and by Prof. 
Owen, who, however, fiflded little to our knowledge of thcin. 

In 1852 Dr. Jelfries Wyniau prepared a memoir on tlie 
"Anatomy of the Nervons System of Bmm Pipmm,^' which is 
published in the fifth vohnne of the Smithsoiiiau Contributions 
to Knowjedge, (1503). In this paper he staters that the crystal 
capsules are subject to some variety, but exist on the trunks of 
all the true spiual nerves, the bypoglossus included, and invest 
them more or leu completely at their exit from the spinal canal, 
occupying the space between the traneverte processes of two 
adjoining vertebrae. The capsule is a very thin membrane, some- 
times having a diameter of 2 to 8 lines ; its surface is minutely 
lobulated in appeaitince, which results fh>m the existence of 
numerous partitions within, forming many small cavities, which 
communicate, though not very fteely, witli each other. The 
contents of these pouches are vast numtters of exceedingly minute 
crystals of a somewhat oval *form, pointed at their extremities, 
and comparable in shape to a lemon seed, but sometimes pre- 
senting vreli defiriod angles.** 

Dr. Wyman failed to confirm Wagner's statement that the 
capsules are more swollen in the spring of the year, having, he 
says, "detected them of nearly eqnal dimensions at all seasons," 
and he also ditiei s from Stannius in regai'ding tbem as character- 
istic of the adult animal. 

Dr. Wyman Ihcii remarks : Dissections of other than Rani- 
form Batrachiaiis have not U'll ti) their detection; I have not 
found them in Si'nm, MpiKihrinirhns, Jh/fo or SafmiKUidra , but 
have seen them in 7iVu<a JoHdnulis, Jiuna hahcina and Raua 
pahtstris. They seem to be in these species constant appendages 
to the spinal nerves." 

Notwithstanding this positive statement of so distinguished 
and accnrate an observer, the writer has found the microscopic 
crystals in the toad in great abundance, and diifering little in form 
and general appearance from those occurring in the frog. Speci- 
mens of the common toad {Bufo Amerieanvs)^ collected both in 
the autumn and in the spring wero dissected, and in every instance 
the contents of the spinal canal examined nnder a I inch object* 
Ive, disclosed the white matter as a mass of minute cr}-stal8. 

On treating the crpstals on a glass slide with acetic add they 
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dissolve with efrervoscoiico, nml llio miilition of oxalate of ammo- 
nium to this solution produces a niilkiness visilile to the unaided 
eye, which under the niicrosoope appears to be formed of luiuute 
ovoid TTiRssea eharncteristic of preeipitated calcium oxalate. 

When the calcareous cry^^tals are placed urnlcr the mici oscope 
in a drop of water, tliey exhibit in a marked manner the phenom- 
ena known as linjsvuiau motions; the larger crystals remain at 
rest but the smaller ones having a length of about joVff niilli- 
metre maintain a constant restless motion. That similar cryso 
tola ftom the apinal eanal of the frog eiEhibit this phenomenon Is 
well known to histologiats.^ 

The resemblance of the crystals tsom the toad to those from 
the ft-og is very dose, bat a oarefUl examination «howB that the 
former average somewhat smaller than the latter. Slides contain- 
ing crystals from Rana and Bufo, mounted in Canada balsam, 
were submitted for accurate measnreroeatB to my friend, Mr^ 
Alexis A. Jolion, to whom I am greatly indebted for a pains- 
taking examination. 

Mr. Jnlien reports as follows : 

**The crystals appear perfectly colorless with sharp outlines 
and with a refractive index so nenrlv that of the Canada balsam 
in which the}" are mounted that it is ditlicult to distinguish any 
but their outer edges. It will be seen b^- the measurements given 
below that the avernire size and the variation in size of the Bufo 
crystals are the greater of tlie two. In the accompan3ing sketch, 
Fig. 2, rf, represents one of the lar<:er of these crystals, exhib- 
iting most distinctly the highly modified ed^es. In botii the Rana 
and the Bufo crystals many were observed which at lirst ;j;lan( e 
displayed a curved or 8i>in<Ile-i!»haped outline tapering rather sud- 
denly toward either end ; some of these are shown in Figs. 1 and 
3. They are often of considerable size and by careful focusing 
these curved outlines were found to consist of a succession of 
straight edges, indlcaiting simply a mm highly modified form of 
the common crystals. On tlie wliole the crystals of both Rana 
and Bofo appear to me to differ from the otoliths of aragonite 
enclosed in the human ear, familiar to histologists, and to re- 
semble rather highly modified rhombohedra of calcite belonging, 
perhaps, to the type represented in Fig. 558 of Dana's System of 
Mineralogy. No twins were anywhere observed." 

« Vny'» Microscopical '1 eohnology, Unr.slntoU by Dr. Geo. B. CuU«r, p. 101 (1819). 
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Size of Crystnh in fraetiona of m ifUmetre. 

Largest 0-033 0-0140 

Smallest 0*0005 0 0003 

Common size 0-0084 to 0*025 0^1 to 0-01. 



Largest 0*0230 0-0074 

Smallest 0-0007 0-0004 

Common sixe 0-0068 0*0014 

[Otolitbs measure about 0*012 mm. long by 0*000 mm. broad.^] 
The acoompanying figures ttom drawings by Hr. Julien show 
the crystals as seen with a magnifying -power of 000 to 1008 
diameters, under the camera lucida. 

Fig. 1 shows a portion of the field seen in the slide of Bana crys- 
tals and Fig. 8 shows the sam6 in that of BufOi wltli the usual 
intermixtnre of peifect crystals and irregular fragments. Fig. 2 
contains several individual crystals enlarged in the drawing. 



FOBTSCBIPT.— Mat, 1880. 



SiNCK preparini; the foregoln? notes Mr. Simon H. fin<:<», Instructor 
in I'liysioloijy at C'oroell rnfvcrsity, has had the knuliit'ss nt my JMijf- 
gestioo to extend ibe exaiaiualiou fur calcareous cry»tal8 to other Am- 
pli ibia. H« reports as follows s 

•*Atc(riiolic specimens of Siren and Meaopoma were very careftilly ex- 
amined, bnt no rrvftnls ronfd bo f'onnd eltlicr in tlie neural canal or od 
the spinal nenres. A fi'esb Menobraocbus v/aa exanilDed with the fiame 
reiiult.*' 

Mr. Qags ooaflmis eor observation as to the oconrvenos of the ciyntals 

In Bofo and In this connection remarks : 

"In Bana the crystals on tbe nerves art* beyond, periphcrad oi, the 
ganglion and softn to have no oonnortloji with those lining the neural 
cauai; while in Bufb tlic ganglion Is completely surrounded by^a cushion 
of crystaUi whlofa seem to be merely a lateral extenelen tbroogb tbo in« 
tevertebnit foramina of the general cushion llning'the neural canaL 

Dr. Wyman in i]n> paper quoted makes no relSercooe to the crystals In 
the neural canal of Hana." 

Mr. Gage's connnunication \s accompanied >)y a cross-section of the 
i^pinal column of Bufo sliowing the exact position of the cusldou of crys- 
tals, and we regret that dreumatances prevent a reprodnctlon of his 
sketcb. 

* Dr. J. IS. St. Jobu Uootta in Ditea^ea of lUc Ear, p. 47& (ItiTA). 
[Mntad at the Salsh Paies, Jnae, MOi] 
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SYNOPSIS DF LECTURE. 



Gold-niaking a popular delusion. — Aims of the alchemists. 
The Philosopher's Stone and how to use it. 
Narratives of success in Gold-making. 

Portraits ui n:3.riy aich^niists and vIl^ws ui 
thei? worksliLipa. 

Roger Bncottt the admirable Doctor. 

Alhertm Magnus, ll^e scientific Bishop. 

Kaymend LuUy^ the gold-maker and Christian Martyr. 

Nieolas F/auit/ and his wife, the Parisian alchemists. 

Basi/ Vaiftttinc, the noted author. 

l*ara<ehtts, the quack. 

Rudolph of Germany, the Royal Patron of Gold- 
makinj^, and his assistants: — ^Sendivogius, the Polish 

Impostor; John Dec, the l-^n^lish Astrologer; 
Michael Maicr, the German Physician. 
A successful transmutation in 
the Royal Laboratory 
at Praj^uc, in 
1604. 

Fabulous antiquity of the art of Gokl-maUing, — Hermes 
Trismegistus, the Fatiicr of Sciences. 
Miriam, the Sister of Moses. 
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Step.s in the PkocK.S.S of Gold-making; five scenes. 
J. F. Hklvetius, the dupe of knavery. 
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U.SEFL'L DISCOVERIES made by the Gold-Seekers. 
Decline of the delusion, and rise of modern chemistry. 
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ADDRESS 

BY 

H. CAKRINGTON BOLTON, 

YICK PBCSIOBXT, flKCTlOS C. 



Fkllow IfniBBRS OF TAB Cbbmical Sbctiob ; 

Ladies and Gtullemeii 

4 TiiK recognition hy tlic Associrition of tlio ocjunl rights of chem- 

ical scitMicL' anil llic elevation of the late " rei inanenl Snbscction " 
to the <iignitj of iv ''Section of Chemistiy," now assemhled for the 
first time, mark an important ei)()ch in the annals of our organ- 
ization. Permit mc to (^Ifer congratulations on our prnnir)! if»n and 
to express niy high appreciation of the lionor of presiiiiug over 
your (lelil)eration8. 

The Permanent Subsection of Chemistry ^vas organized at the 
Ilurlt'ord meeting of the Association in 1874. It hail its origin in 
the action of a namber of chemists assembled at Northumberland 
fa Angnst of tbB smaifl year to oomraeiBorate Priestley's discovery 
of Oxygen. At tliat memorable gathering a discuaaion of tlie 
advantages of forming an independent organisation in tlie interests 
of diemistry led to the appointment of a committee * to co- 
operate with the American Association for the Advancement of 
Science at their next meeting, to the end of establishing a chem- 
ical section on a firmer basis/' 

This committee met at Hartford a few weeks later and united 
with the chemical members of tlie Association in founding a Per^ 

•TlM eommttlM oonibted of Pr<rfk. SiUlin«R( Smitli, Honfbrd, Hunt and BoUon. 
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• mnnent Subsection in nccord&nce with the provisions or the new 
constitution adopted at the same meeting. Meetings of the sub* 
section were lield on two days and arrangements wei c made for its 
permanent organization. In tlie following year the Association 

met at Detroit ond the Subsection re- assembled under the chair- 
mansliip of Prof. S. W. Johnson. Before adjourning the section 
elected Prof. Geo. F. Barker cliainnan for the ensuing year and 
passed a resolution requesting the cliairtnan-eleot to prepare an 
address. Tiiis was the oriij;in of the custom wliich it i-, my pleasant 
duty to follow. Professor Barker accepted the task ami his masterly 
essay on the Atom and the Molecude (1876) is remenibeied by 
many in this audience. Since then Prof. F. W. Clarke (1S78) lias 
urged iu your hearing the endowment of laboratories of research ; 
Prof. Ira Remsen (1879) has magnified the claims of his chosen 
field of Investigation — organic cliemistry ; and Prof. J. M. Ord- 
way (1880) has gracefully surveyed the experiences of the past, 
the needs of the present and the prospects of the ftitare of chem- 
istry. 

The amendments to the Constitutioni adopted by the Asaodation , 
at the Cincinnati meeting, provide» as yon are aware* for nine sec- 
tions, each with its own presiding officer ; since this may involve 
an eqnal number of annual addresses, it is hardly to be expected 
that each will maintain the elaborate character of tbose of former 
years. 

I asic you tlierefore to be.ir this fact in mind wliile I invite your 
attention to a rather superficial survey of 

CHBMICAL LITBRATUBB. 

The literature of cheniisLiy, extending as it does throu«zli i>ei io<l 
of more than fourteen centuries, varies greatly in character, iu 
province and in design ; it partakes of the peculiar phases exhibit- 
ed by tbe science at different epochs and depicts tlie experiences 
and tbonghts of those who cultivated it in all ages. It may be 
studied ftom several points of view ; the biogi'apher searches the 
voluminous records to acquire knowledge of the intellectual activ-> 
ity of indl%'idttals ; the historian unfolds the progress made by the 
science in a special field or in its entirety, with philosophical in- 
quiries respecting efl'eots and causes ; tbe bibliographer, scarcely 
penetrating beyond the title pages of the dusty tomes, laboriously 
catalogues tliem to facilitate the researches of others. 
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We do not proiwsc to give you a biographical, an historical or 

a bililioiinipliical treatise, hut nitlior to ipviow* choniic.i! writing:?? 
as tiources of information and as poi tions oC the world's literary 
productions. We sliall concern ourstdves k^sf(; with the questions 
whai were the personal hifttory and life-work of a given aiUlior, 
and more with tlie qtieries what are the r'hnrartoristies of the vari- 
0ii» classes of works at dill'erent epocljs, what dist^overies do they 
chronielc and what was their iDflucuce on the coutemporaneous 
science. 

The very earliest information concerning chemical arts comes 
to us from that ancient nation supposed by some to have gfiven its 
own name to the selenee ttielf ; not only do the aculptiired tombs 
and temples of Kgypt portray with unimpeachable authenticity 
and wonderful aocnracy tlie technical skill of that venerable peo- 
ple, but these same monaments are even now rellnqtilsliing their 
hold on long-boried .treasures in the form of papyri, whose perplex- 
ing script no longer conceals their meaning ftom the erudition of 
Egyptologists. 

Of these miraculously preserved papyri the most valuable to 
ehemistry is tliat discovered by Prof. George Ebers at Thebes in 
1872, and named after its learned discoverer. We have described 
this elsewhere ^ and shall not here enter into details. It is the 
most ancient medical work extant, being assigned to the sixteenth 
oentury B. C, and contains a vast amount of Information on the 
medical practice and the pharmaceutical preparations at that re- 
mote i)crio<l. The unknown autlior wrote less f)l»scurely than many 
of n jnneh later date, and when the whole papyrus shall have been 
deciphered it will prove ou invaluable contribution to chemical 
historv. • 

Tlie in«>.-vt, ancient manuscript treutin<i; oxclnsivcly of chemical 
operations is a Greek papjTus of Egyptian origin preserved in tlie 
Library of the University of Leyden. Its authorship is nnknown, 
its date is placed by lleuvens in the third or fourth century A. 1). 
This MS. consists of a collection of prescriptions and receipts for 
oondncting various operattons In metallic chemistry, such as the 
testing of gold and silver; the puriOcation of lead, of tin and of 
silver; the hardening of tin an^ of silVer ; the^lbiflcation of cop- 
per, etc. It deals little witli alchemy tliough some of the receipts 
evidently refer to transmutations, as those entitled : «*tbe prepara^ 
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tion (artificial?) of silver;" ' ' the preparatiOD of gold;" **tkepn- 

rification of tin by silver," etc. 

Reference is made to saiularach (reMlir-u ), cailmia (zinc ore), 
chrysocollu, cinnabar, natron (soda), tneienry and other chemienl 
substances, but nr» receipts are ijiven for tlieir preparation. Tlie 
author qnotes from Uie ^fateria Medica of Dioscorides who j)rol)- 
uUly preceded him by ai)oiit two centuries. It is to be regretted 
that the full text of tliis ancient manuscript has never been pub- 
lished ; the little known of it foreshadows information of great in- 
terest.' 

The great libraries of Paris, Rome, Venice, Milan, Escurial, 
Cracow, Gotha, Munich and Cologne presto a lai <]ce number of 
Greek alcJieinical manuticrlpts of unknown authorship uiid uncer- 
tain date. Hoefbr, Ihe French historian of clieniistiy, refers tliein 
to the third and fourth centuries,^ but other authorities with greater 
probability place them not earlier tban the tenth and eleventh*^ 

The roost celebrated of these essays are attributed to Zosimus, 
of whose history nothing is certainly known, and bear these titles : 

On Furnaces and Cliemicnl Instmments,'* **0n the Virtue and 
Composition of Waters,'* *'0n the Holy Water," «'0n the Sacred 
Art of Making Gold and Silver." In a treatise attiibuted to Sy- 
nesius, we find a description of a hydroscopium or hydrometer 
which was rediscovered as long after as the sixteenth centuiy* 

In a treatise attributed to Olympiodorus, iic cites as authorities 
Democritus, Anaximander, Zosimns, IVIagius, and Marie a certain 
Jewess whom the later alchemists confounded with Miriam, Moses' 
sister. 

In these manuscripts chemistry is called tlie "sacred art" and 
th*' I xceedinj^ly ol»scure and figurative language in which they are 
wnlten tnaUes it well niijh impossible to separate fact from fancy; 
lioefer has indeed attempted to discover modern clicuiicai concep- 
tions in the allusions to Egyptian myths and the cliaotic collec- 
tions of spa^yric arcana. 

Of syatemutie nomenclature there is absolutely no trace ; indeed 
each author seems to have aimed to write treatises intelligible only 
to himself, and we greatly doubt his success in even this re- 
spect. Cadmia," we are inlbitned, *^ is magnesia," and magnesia 
is the female antimony of Macedonia;" nitre is white sulphur 
which produces brass;" equally clear is the statement that the 
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«^ apos|)ei'maU8in of the dragon is the mercury of cinnabar." 
Tliat lexicons wovp. e:u ly in domand is not siirpri<?inix ; in fact some 
of the most ancient M88. are "vocabularies of the sacred art," 
but even with their assistance it is difflcult to form satisfactory 
concepts of contemporary chemical science. 

Su id as.'' a Greek lexicographer of the eleventh century, states 
that Diociotian liaving conquere<l the rebellious Etjyptians (iUG 
A. D.) destroyed their books on the pr-epnration of silver and 
gold, lest becoming rich by the piaclico of that art they might 
again resist the liomans. Regrets at the wanton acts of this 
imperial biblioclast are tempered by the reflection that moileni 
seholan are apared the sUtdy of aaeh Hterary absurdities. 

The Chinese, that curious people who always claim a hearing 
when the origin or antiquity of arts and sciences is under consid- 
eration, wei'e acquainted at a very remote period with 
branches of chemical technol<^. We do not know of any special 
chemical literature produced by them, but the researches of Rev. 
Joseph Edkins* and of Dr. W. A. P. Martin ' make it highly 
probable that scholars will yet discover contributions of no small 
importance to the early histoid of chemistry. Fkx>f. George Glad- 
^ stone^ has endeavored to show that the Chinese originated the 

doctrines and pursuit of alchemy and communicated it to the Ara* 
bians by whom it was disseminateil throughout Europe. 

The high state of civilization and extraordinary iatellecUial de- 
velopment of the Arabians has left a deep impression on chemical 
science. Cultivated chiefly by physicians, attention was directed 
to its phamiaceiitical applications, and in spite of the prohibitions 
of tiie Koran to the fascinations of alchemy. Of their extant 
writings, preserved in Euro]>ean libraries, only a portion time !t>'(!u 
edited ; those best known partake of the poetical iniacrt i \ ami liy- 
perbole cliaract<'ristic of the Oriental mind. This is shown lo some 
extent in the singular titles pretixed to their treatises, e. g.y "The 
Rise of the Moon under the Auspices of (iolden Partielei?/' by 
the alchemist Dschildegi ; "A poem in the Praise of God, of Ma- 
homet and of Alchemy," by Dul-nun-el-Misri.* 

The well known treatises of Geber,><* Of the Investigation 
of Perfection," *'0f the Sum of Perfection," '*0f the Invention of 
Verity," and **0f Furnaces," notwithstanding a bewildering style 
of composition, which seems to confirm Dr. Johnson's derivation of 
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gibbci'ishf fioiu Geber, display very great familiarity witli u large 
number of chemical subatances and operations. 

Geber's works are generally assigned to the eighth oentnry 
and consist chiefly of compilations fifom the Books of the An« 
cients be mentions no author by name* They contain chapters 
devoted to tiie seven known metals, to the methods of distil- 
lation, calcination, cupellation and other operations, to the prep- 
aration of saline snbstances and to chemical philosophy. Geber 
adopted Aristotle's views of the constitution of matter from four 
principles, the hot and cold, the wet and the dry, and adds tliereto : 

Mercury and sulphur are the components of metals,** a doctrine 
which witli slight modiflcatious prevailed for more than eight cen- 
turies. Geber describes the preparation of nitric acid, of aqua 
regia, and of mercuric oxide ; he mentions the increase in weight 
of met tis when calcined witli 8ul[)liins and gives the results ofarudo 
quantilulive analysis of crude sulphur. He constantly maintains 
the doctrine of transiiiritation of metals and gives a refutation of 
the ingenious arguments opposed thereto. His remarks on the 
qualifieations of a chemist are most intelligent and are not inop- 
portune in mmiern times ; he urges the jieccssitj'^ of diligence, 
patience, learning, a temperate disposition, slowness to anger, and 
a full pmse, ** for tins science agrees not well with a man poor and 
indijzent, " together with faith in the God who withholds or gives 
to wliuni he will" the secrets oi naLurc, and who will infallibly 
punish the fooliiih meddler with magical mysteries. 

To detail fully our obligations to Arabian chemists is no part of 
our plan. Tliey have left an indelible impression on the very lan- 
guage of the scienoe, in the words alcohol, alembic, alkali, borax, 
and many others. All honor to the intelligent authors who a thou- 
sand years ago defined chemistry as the Science of Ck>mbustion» 
the Science of Weight, the Science of the Balance I" 

In the middle ages intellectual activity was confined largely to 
the clergy, who controlled the schools of learning, the libraries, 
and nearly all sources of knowledge. University chairs were oo- 
onpied exclusively by clerical professors^^, literature and science 
were cast in ecclesiastical moulds. Scientific treatises were the 
production of monks and emanated from cloisters. Many distin- 
guished philosophers mastered widely separated branches of learn- 
ing: among these were Alain de Lille (b. 1114), celebrated as a 
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physician, theologian, poet and historian, who filled the cpisicopal 
chair at Auxerre ; Koger Bacon {h. 1214) nn English cordelier; 
Raymond T.nlly (b. 1235), a Franciscan friar, nnd Allxn tus Mrtij:- 
nus (h. 1 103), IJishop of Ratisbon. Tiie latter, nnud tiie nionolo- 
nons routine of a Douiinican monastery, found k'isiirt' to distinguish 
himself in astronomy, medicine, alchemy and, according to his ene- 
mies, in necromancy. At this remote period, accusations of dealing 
with ma<i:ic wore not iiafrequently made ai^ainst those whose learn- 
ing and skill in experimental sciences excited envy and supersti- 
tions zeal.*3 

To treat the writings of these eminent eecleBiastlcs as a part of 
cbemloal literature requires perhaps a stretch of the imagination, 
yet three hundred years ago they were regarded as masterpieces, 
of the science and formed the text^books of students of alchemy. 
The writings of these ecclesiastical philosophers are as comprehen- 
sive as the branches of learning, they cultivated, and incredibly 
voluminous ; Albertns Magnus' collected works Oil twenty-one folio 
volumes.^^ But a small fhictlon of these treatises are occupied 
with science and chemistry ; and of this fraction there is in many 
cases a reasonable doubt as to their authenticity. In fact, nothing 
was more common than the ascription of work by an obscure 
second-rate writer to some celebrate philosopher of preceding 
1^8, in order to give the work the stamp of authority, — a decep- 
tion which previous to the invention of printing was more readily 
accomplished. 

It became dillienlt therefore to distinguish the apocryphal writings 
from the genuine. The former, it is true, frequently betray them- 
selves by anachronisms and otliei" blunders, but many imxenions wri- 
ters avoided such traps by adopting an enigmatical style worthy of 
the Delphian oracles. 

Basil Valentine was the reputed author of works held in the very 
highest esteem by the alchemists of the Midille Ages, yet the very 
existence of this individual is seriously questioned. Mystery 
surrounds Valeutiue's entire history, and his writings were given 
to the world in a most dramatic manner ; according to tradition 
they were hidden in the wali of a church at Erfurt and long after 
his death a thunderbolt shattered the wall and revealed the 
precious documents. 

Whether Valentine ^as a real personage or not the works as- 
cribed to him exhibit great familiarity with many chemical sub* 
1*. 
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slaiieoR and operations, timiigh the obscure and iocohereat st^le 
reiulers tlicii intelligent peiusul very tlifllcult. 

Valentino's celehrntpd "Chariot of Autiuiony," extolling the 
medical virtues of tliis uictal, is perhaps the least obscuie of his 
works; the "Twelve Kej's of Philosophy""* with its singular 
plateSf one of the most unintelligible; yet beneath the txtiuva- 
gant jargon characteristic of the period, glimpses arc obtained of 
llghl and intelligence. The latter work presents dearly the theory 
that all metals are compounded of three princijiles : flxedneee, me- 
tallicity and volatility, represented respectively by salt, mercury 
and Bolpbur, an hypothesis which long completely controlled chem- 
istry until it gave place to the seductive theoiy of Phlogiston. It is 
uuceitain whether the works ascribed to Valentine were first writ- 
ten in Latin or in German ; his writings were collected in tlie sev- 
enteenth century and have been through many editions.^^ Several 
of his treatises have been translated into English and into French.'" 

In the filleenth century the newly invented printing press was 
employed in the production of few works which can be regarded as 
chemical, and these were chiefly conflned to isolated treatises of 
the ancient philosophers ; in the sixteenth century the alchemists 
began to publish the results of their industry and speculations, and 
in the succeeding century a prodigious number of alchemical works 
were issued in Germany, France and England, creating literature of 
an extraordinary type. 

Some of those treatises, which are numbered by thousands, record 
valuable expeiimeuts made b}' enthusiasts seeking the philosopher's 
stone, but the majority contain "a crude mass of incoherent |)jop- 
ositions and >Yild assertions, a mixture of poe»y and insanity, in 
which all logical iileas are lost amidst the stilted phraseology, but 
through which breathed a blind yet fervent faith." Great obscu- 
rity of style ^*'; an enigmatical method of naming chemical sub- 
stances which found its highest development in the use of arbitrary 
symbols and the pictorial representations of alt^mical processes" ; 
the intimate association with astrology ; the honest or affected 
intermingling of pious comments and prayers^ ; the extravagant 
claims to antiquity as respects authorship and processes*' ; the at- 
tempts to interpret the mythology of Egypt and Greece on an al- 
chemical basis ; the endeavor to associate the mysteries of Hermes 
with the sacred truths of the Christian religion^, — all combine to 
produce literary naonstrosities as fascinating to the student of chem* 
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i«al history as they are profitless to the practical woilcer in modem 
science. 

Among llie fAbuloos wi ltin^s. highly esteemed by the creduloQS 
alchemists, laay be mentioned the ci lebrftted inscription of HeiTnes 
Trismegistns npon an Emerald Tablet*-*^, the (iohlen Leaves of 
Abraham, Jew Prince, Priest, Levitc, Astrolotxcr and IMiilosophor, 
which in the hands of Nicolas Flamol-'"' yieUh-d such a rich harvest, 
the Practical Chcmistr}' of Miriam the sister of Moses-", and a 
iniiltitn(U? of i^roLesijue writings ascril)ed to personnfjes of known 
reputulioii. Hfivnioiid Lully is credited with five hundred wtji l.-- ; 
Hermes Trisiiiegislus, the mythical Father of Sciences, with severui 
thou:»und. 

Many of tlje alchemical works published during the period of 
which we s|X'ak arc degraded by admixture of the contemporaneous 
pseudo- sciences, Judicial astrology and magic. To this class belong 
the celebrated works of Dr. Flodd and tlie writings of the Bosicms- 
cians ; excluding these as wholly tieneath oar consideration the 
number of occult worlcs on alchemy is still very large. We imag- 
ine it will be hard to diBCOTcr in the whole range of literature writ' 
ings liaving scientillc pi'etensloDS more senseless than the aphorisms 
of tbe disciples of Pythagoras, collected in the **Turba Fhilosopho- 
rum"^ so often quoted by the alchemists of the sixteenth and 
seventeenth centuries. Its improbable character is perhaps equalled 
by the Gloria Mandi*' in which the anonymous author favors his 
readers with the chemical views of Aristotle, Pinto, Socrates and 
Democritns, inter8pei*8eti with equally authentic statements by 
Hermes and Morten, Lameck and Methuselah, Abel and Seth, and 
even of Adam himself. 

In the early part of the seventeenth century, Blichiel Maicr, 
physician to the Emperor of Germany, Rudolph II, a royal patron 
of astrf)loircrs and alchcniistis, published several treatises now much 
sotifjht after by alelieniical bibliophiles. 3® Maier's "SymlKila 
aureu uien«;e" and '*Atalanta Ftii^iens" contain emblematic plates, 
supposed to ilhistrate the henneUc interpretation of the fables 
auil ade^ories of ICuypL and Greece. 

'i i»e eonnccLion between these ancient mythologies and the se- 
crets of the philosopher's stone was a favorite .subject with niuny 
authors and has been exhaustively treated by the AIiIh' Pornety iu 
his two curious works "Fables Egyptiennes et Grecqnes devoilues" 
and Dictionnaire Aly tho-herm6tiqne**' Not content with prose, 
several authors clothed their alchemical iubpirutions in poetry ; 
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of these ma}' be mentioned the Aiabian treatises alreatly named, 
the Twelve (iates of Alchemy by Sir George Riplev, written 
about 14')U-'-, llie Credo Mill! of ThoiiKis Norton, wiiiten about 
147733 and ii^Q Chr^bopujia of Auiciuis Augurelli.^"* The latter 
written in Latin hexameters with more pretensions to elegance than 
Uhuiil vvklh the prosaic ukheuiists was dedicfited in lol4 to Pope 
Leo X. Leo rewarded Angnrelli by presenting liim u illi au empty 
wallet, remarking that one who knew so well how to make gold hod 
need only of a pum. 

The aloliemUte, {n common with their contempmiirieB in other 
lirancbes of literature, took pleasure In prefixing to their eesajB eo- 
centrio titles; Helvetins writes of "The Brief of the Golden Calf 
(The World's Idol) discovering the rarest Miracle in Nature ;**^ 
Glauber names one of his treatises, "The Golden Ass well man- 
aged and Midas restored to reason/' 3< 

Perhaps the height of absni-dity is reached in the famous I4ber 
MutU9^^ which consists of a series of fifteen symbolical engravings 
purporting to disclose the whole Hermetic Philosophy. The utter- 
ly unintelligible character of much alchemical literature is occa- 
sionally acknowledged by those who otherwise accepted the pre* 
vailing popular belief in transmutation ; Lenglet du Fresnoy« 
speaking of Raymond LuIIy's Clavicula, says'* LuU^' assures us 
that this treatise is indispensable to the comprehension of his 
writinfTs ; but, after rcadirig it, one is little wiser than before."-''* 

There are several larj^e collections of alchemical treatises which 
the curious in these matters should consult; the most extensive is 
Zetzner's Theatrum Chernicum 3^ published in 1613 in six octavo 
volumes; this contains no less than 20U distinct treatises, notwith- 
standing which Lenglet du Fresnoy remarks that many excellent 
ones are wanting. Mangel's Bil)liotheca Chemica Curiosa,''*' 
published iu 17U2 iu two folio volumes, contains 133 treatises; 
and the Musteum Hermeticum^^ (1678) contains 21 treatises, 
some of which aro illustrated. The most extensive English col- 
lection is Ashmole's Theatrum Chimicnm Britannicum, published 
in 1652, and a noted French collection is Salmon's Bibliotbeque 
des Fhilosophes Chimiques (1673), of which the edition by Biche- 
bonrg (1741) Is by far the best.« 

Stimulated by avaricious hopes, the sealous alchemists labored 
most industriously ; and, by subjecting mixtures of all known sub- 
stances to heat and to the action of acids, discovered a multitude 
of new bodies having more or less medical and economic value. 
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As we have seen, their writings' coasiBt for the most part of mon* 
ographs describing disconnected experiments, with no attempt at 
exhaustive treatment of any single topic, no classification of phe- 
nomena and no well studied nrrangement of material such as 
characterizes later handbooks. Nor can a scientific collocation be 
expected during the formative period of chemistry and previous 
- to tlie introduction of theories around which to p:ronp the isolated 

phenomena. One of the earliest attempts to treat chemical facts 
in a systematic manner was made by Sir George Ripley, Canon of 
Bridlington, who lived in the fiflcf ni li tentm y. Tn his " Compound 
of Alchemy" written in 1471 the wiiole seieiieo of iR'rmetic elieinis- 
try is unfolded in a poem divided into twelve sections callctl 
"Gates" throui^di which tiie reader is conducted to the mysteries 
of tiansmululion.^' 

*'But Into chapters thys Treatls I shall devyde. 
In numbre twelve, with dew rerrtpytaiatyoD; 
Superiluniis rehcarsaUs I lay asyde, 
Inlendyiig only to give trew tnrormatyon 
Both of the theoryke and practlcall operatjon s 
That by my wrytyng who so wyll guyded be, 
') Of hys ialente perQrctly speed shall he. 

The lyrst chapter shall be of natural Calcloatlon ; 
The second of Dyssolutlon* secret and phylosophjcall 

The third of our cleinentall Separntiou; 
The fourth of Conjnnctlon malrimoninl ; 
The fyflh of i'utreructlou then foUowe shall; 
Ot Con^'clutlon Albyllaittve shall be the sixt, 
Then of Cybation, the seavenlh diall follow next* 

Tlio serret of our Siiljlyituiiion the eyght shall show ; 

The nyiith shall be of Feiiiteutatyon; 

The testli of our Exaltation I trow* 

The clevent of oar merrelose Multlplycatyon, 

Tlie twelfth of Projection ; tiu ii Kocapltttlatyon, 

And so this trentisp sliall take iin end, 

By the help of God, m I cnteud. 



Thus here the Tract of Alchemic doth end ; 

Which tract was by George Ripley, Chnnon, pcnn*d* 
It was romposed, writt niulsl^rnrd lii'^ nvvne, 
lu anno twice seaven hundred seaventy one. 
Reader, assist him, make It thy desire. 
That after life be msy have gentle Are ! Amen. 
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Ripley's vcrsiflcation Mid theme remind one of Cbaacer'k 
Canon's Yeoman's Tfile composed nearly ono Innidi cd ypfirs earlier. 

We can only brietly allude to Paracelsii}*' bomlmstic pvotluc- 
tions^', which iirc conccrncrl chiefly with rnerlical chemisii y, and 
to the remarkable works of (Jeorjxe Agricola'\ distinguished by 
profuse illnstrntion, portrayin;j; tlu' apparatus and operations of 
mining and nu'talhir^y in the .sixieenth century. 

Conspicuous lor accuracy of dcscri[)lion and systematic arrange- 
ment of topics is the " Akhyinia" of Andrew Libavius, published 
at Frankfurt in l.')I»5.'*6 Libavius. a physician and teacher in the 
gymnasium at Coburg, njoctcd the absunl doctrines of the adhe- 
rents of Paracelsus, combated superstition and quackery and, ex- 
celling in obsenration of cbemical plienomena, gained a worthy 
position among bis compeers. In his Alchymia he treats of the 
EntHieria or manual operations of chemistry and of the Cffiymia or 
descriptions of substances, in separate books. The former he di- 
vides into two sections, one dealing with the instruments and the 
other with the management of fires and construction of fumaoes. 
He describes at length a sumptuous laboratory provided not only 
with every requisite for chemical ezpmmentation, but also with 
means of entertaining visiting guests, including such luxuries as 
baths, enclosed corridors for exercise in inclement weather, and 
a well stocked wine-cellar. 

Libavius was the discoverer of stannic chloride which still beai-s 
tlie name fuming liquor of Libavius" ; he describes the method of 
preparing artificial gems by coloring glass with divers metallic 
oxides, and he seems to have been the first to apply the balance 
to the examination of mineral waters. Notwilh.standing his pro- 
gressi\ o position he devotes eighty pages of his Commentary to tlie 
Philosopher's Mone in wliieh he was a firm believer. The seconii 
edition of liisworlcs. pulilished in IGOG, forms ii folio of 800 pages. 
It has sometimes becji calU'd the First Text-book of Chemistry. 

The ''Tvrocinium Chynin nm" (ICOs) of Jean Beguin'", Al- 
moner to King Louis XIIJ of France, a lests pretenlious work, is 
churuclcrized by freedom from ambiguity and prolixity as well as 
from hermetic supei'stitions ; it deals cliieily with the medical ap- 
plications of chemistry. 

In 1660, Nicolas le Febvre, demonstrator of chemistry at the 
Jardin des Plantes, published a **Traict^ de la Chymie"^^ greatly 
supeiior to all preceding works of its kind. He collected the 
most reliable theories and experiments f^x>m all published sources 
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and arraiifjed Ihein in a logical, systematic inannor. The flrst six 
chapters treat of the theory oi' cheuiistry ; the autlior admits five 
elementary principles: phlegm (or water), spirit for mercury), 
sulphur, suit and earth, the first three being ingredients of volatile 
substances, and the latter Lliuse of refractory l>odies. He defines 
metals as hard bodies generated in the bowels of the earth, capa- 
ble of extennion under the hammer and of being melted by fire. 
He divides metaU into the perfect and the imperfect, and also into 
male and female, the latter subdivision being based upon their 
tNihavipr with acids ; gold, lead and antimony are male metale be- 
cause soluble only in aqua regia, and the other five, silver, copper, 
iron, tin and mercury are female, because soluble in unmixed 
acids. 

In the second part the anthor discusses the manipulations of 
chemistry and recognizes many nice distinctions now overlooked ; 
for example, under the bead of mechanical division be describes in 
detail the following operations: **limation, rasion, pulverization, 
alcoholization, incision, grMiuIation, lamination, putrefaction, 
fermentation, maceration, fhmigation both dry and humid, coho* 
bation, precipitation, amalgamation, distillation, rectification, sub* 
limation, calcination both actual and potential, vitrification, pro* 
jection, lapiditication, extinction, fusion, liquation, cementation, 
stratification, reverberation, fulminntion or detonation, extraction, 
expressioiK incineration, exhalation, digestion, evaporation, desic- 
cation, circulation, congelation, crystallization, fixation, volatili- 
zation, spiritualization, corporiOcation, moitiAcatiou aud revivifi- 
cation." 

In the experimental part Le Febvre explains the arrangement in 
the following language : 

" We shall begin with the meteoric bodies, rain, dew, honey, 
wax and manna ; we shall then describe the [irepai ations tnade from 
animals aud their secretions ; next, the numerous products of the 
vegetable world ; aud lastly, the mineral kingdom with its stones, 
salts, marcasites and metals a division still recognized. 

The order in which he treats mineral chemistry is as follows : 
Earths ; stones, precious and otherwise $ metals ; semi-metals, em- 
bracing mercury, antimony and bismuth ; salts, including common 
salt, saltpetre, alnm, sal-ammoniac and the vitriols ; and lastly, 
the sulphuretted minerals, arsenic, etc. Under each division he 
gives precise instructions for numerous experiments upon these 
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substances and describes their tnedicinal value. The whole work 
is writlen in a dear style, free iVoin alfectatiou of Iii3'ster3' ; it 
rapidly pa.'ised through five cditious, and was translatetl into Eug- 
iihh and Gennnn. 

Three years after the appearance of Le Febvrc's Traite, his suc- 
cessor at the Jardiu dcs Tlantes, Christopher Glaser''^ of Basle, 
published a work having the same title also marked by special 
ezcelleDce. 

The most Buooessf^l haDdbook of the seventeenth century was 
ondoubtedty the **Co«r8 de Chymie'* by Nicolas Lemcry,^ an 
eminent lecturer in Paris. The first edition of this work was pob- 
lished in 1675, and it reached the tenth edition beforo the close of 
tlie century ; a fourteenth edition enlarged by Baron appearing as 
late as 17d6. It was also translated into English (1677), Ger- 
man (1698), Italian (1768), and Spanish. The remarkable success 
of this work is due to a facility for describing dry facts with 
remarkable simplicity and accuracy. His style is more concise 
than LeFebx re's, and his arrangement of material shows a pro- 
gressive spirit. The limits of this address forbid an analysis of 
Lemery's Handbook, which, moreover, is better known than sobe 
others to whidi we have granted fuller treatment. 

Passing over a period of fifty 3'ears, llie next complete conipon- 
ditim of chomieal knowledge which we notice is tlie Klenienta 
Cheniiai" of Hermann Boerhaave, tlie celebrated professor of bot- 
any, chemistry and medicine in the University of Lej'den, 
Boerhaave's great erudition, purity of style and briHiaut elo- 
quence attracted students in great numbers; such was the popu- 
larity of his lectures lliat certain booksellers who aimed at 
lucre by the moat scandalous means" published lliem in 1724, 
without his authority or consent ; this ''surreptitious edition" '' con- 
tained, as Boerhaave himself complains, such *^false, ridiculous and 
absurd things in every page," that be was compelled to publish 
his lectures In an accurate and complete form. Both editions 
were translated Into English by Dr. Peter Shaw, and the author- 
ized work passed through many editions in Latin, French and 
German.^ Instead of attempting to give an analysis of two 
quarto volumes, we will quote Boerhaave's own account of his 
plan. 

My design," he says, Is to initiate students in the knowl- 
edge of chemistry ; and to do this in the most effectual manner, I 
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shall give a clear methodical explu uLiuii ol nil that is necessary 
for understanding the best authors and for performing the chief 
operations in this experimental art." After acknowledging the 
diflliHilty of a syBtematic ti'efttineiii of " a soienoe which has been 
cultivated rather by experiments at random than npon any regular 
principles, and by |)er8onB usually destitute of all . . • knowl* 
edge in the liberal arts he claims that ** these obstacles may be 
surmounted by making a collection of the several effects, which 
the art has actually prodneed, justly deducing general rules there- 
from and duly digesting the whole." He then e^lidns the divl- 
sion of his work into three parts. 

The first will rehearse the origin, progress, caltivatlon and 
fortune of chemistry, . . ; the second part will deliver certain 
theorems or principles of chemistry; the third will exhibit the 
actual operations of chemistry, whereby bodies are changed agree- 
ably to the rules of the art and to tin- end proposetl therein." Boer- 
haave's sketch of the history of chemistry begins with the earliest 
times but seems to have been led incomplete ; it is rendered useful 
by classified lists of chemical writings and mimorons refeiciices. 

In his trentmont of the theory lie departs soniewliat from his 
plan and introduces material which really belonj^s to the third or 
practical part. Boerhnnvc introduces sections on the use of chem- 
istry in natural pliilosopliy, in medicine and in the mechanical arts ; 
gives an exhaustive account of the wonderful nature of fire and 
experiments in heat, tosrether with ingenious speculations concern- 
ing the heat of celeaLiul bodies ; he describes the various forms of 
chemical apparatus and the preparation of curious and useful sub- 
stances fVom the vegetable, animal and mineral kingdoms. Boer- 
baave exhibited the spirit of a true philosopher and produced a 
work of ^traordinaxy merit. He was quite firee ih>m the follies 
of alchemy, though he cautiously remarks that " we should always 
remember the limits of nature are by no means to be d^ned by 
us, things are taken for impossible which are only unknown by the 
ignorant'* and **many things in chemistry are apparently more in- 
credible than that lead should lose its natural form and be con- 
verted into gold." » 

Contomporaiy with the systematic compilations of Libavius, 
Le Febvre, Boerhaave and others, were published hosts of inde- 
pendent works setting forth the results of prodigious labor in the 
chemical laboratory ; many of these are filled with descriptions of 
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experiments inado fit h:ii)li!i/,Mrrl. with no (Icfiiiito object in view, 
and liaviiig no necessary connection vvilii eacli otlier. 

Glaubci's^ voiuiniuoiis writings, publiBbed in 1G58, may be taken 
as an example of tbis class i in his works, aiukl controversies 
witli Galenical physicians and curious apologies resulting tbere- 
ftom, amid descriptions of alchemical mysteries and receipts for a 
universal panacea, amid extravagant praises of tlie"sal mirabile** 
(Glauber's salt), and curious narratives of personal history, we find 
many novel chemical facts having a medical or an industrial value. 
The whole is clothed in a very crude st3ie with an affectation of 
secrecy and under capricious captions. 

On the other hand, some of tliese treatises show signs of genius, 
especially in attempts to establish theories in explanation of the 
familiar yet astonishing phonomena; thus Van Helmont* whose 
contributions to medioal chemistry we pass by, invented the word 
gas to aid in disci'iroinating aeriform bodies^; and Rey, in his 
Essays on the increase in weight of tin and lead when calcined**," 
denionstrnted the weight of the air thirty 3'ears before the masterly 
researches of Boyle. 

To attempt in this rapid review to do justice to the philosophi- 
cal writinj:^*? of the Hon. Robert Boyle is a hopeless nndertnking. 
From his first puI)licntion, in 1600, New e.\i)eriiiients, plivsico- 
mechniiical, touching the spring of tlie air untl its ellects." lo hia 
posthumous treatise " Medicinid Experiments," published in 1G92, 
bin works teem with ingenious experiments described with great 
candor and liilelity, uutl from which conclusions are drawn with 
cautious reserve and philosopiiical soundness, as admirable as his 
rare modestj'. 

In his " Sceptical Ghymlst" (London, 1661), Boyle raises doubts 
as to the elementary nature of earth, air, fire and water, as well as 
of the alchemical principles, sulphur, salt and mercury , and claims 
that the first elements of bodies are atoms of different shapes and 
sizes, the union of which forms what are vulgarly called elements ; 
he argues that their number should not be confined to three nor four, 
but that probably a large number of primary constituents would 
eventually be separated or isolated as such. He also first clearly 
recognizes the distinction between mixture and chemical combina- 
tion. 

The rejection of Boyle's prophetic hypothesis by bis contempo- 
raries much retarded the progress of the science. More, liow- 
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€Ver, than for his views on the nature of the elements, science is 
indebted to Boyle for his clear statement of the value of scientific 
investiijation's for its own sake, alto<jether independent of any 
application for the purposes either of the alchemist or of tlic phy- 
sician . . B<)yle was in fact tlie first true scientific chemist, 
and with him we may date the coiiiiiiencenieiit of a new era for 
our science when tlie hijjhest aim of cliemicul research was ac- 
kuowtedged to be the simple advauccmuut of natural knowledge." 
(Rosc()e.) 

Boyle's voluminous writings were collected by Birch in five fo- 
lio volumes and publishe<l in 1744. His diffuse style of composi- 
tion, with fluent long digressions, rondel's a peninl of his writ- 
ings wearisome and led to an edition b}* Dr. Shaw, in which his 
works are abridged, metlio<IUcd and disposed nnder general 
heads," forming three quarto volumes bearing the date 1725.^^ 
Many of Boyle's papers were publlslied in the Philosophical 
Transactions. 

The literature pertaining to the theory of phlogiston belongs 
almost wholly to the eighteenth century. It is true that Becher's 
I'hysica Subterranea was published in 1699^, but the theory of a 

f combustible principle existing in all metals remained dormant until 

1> rher's admirer, George Krnest Stahl, published an edition of the 
rhy.si( a SubteiTanea in 1702; to this he prefixed a long preface 
elaborating those doctrines which exerted such immense influence 
on both the theoretical and practical science, for more than a cen- 
tury. The writings of Becher and Stahl are notorious for their 
barbarous mixttiro of poor Latin and German* for which indeed 
both authors a[)olo(2;ize.''* 

In Mayor's Treatise on the nitro-aeriul spirit*''', we find records 
of admirable experiments in pneumatic chemistry supported by 
accurate reasoning and alniosi prophetic insiglit of later theories 
of combustion, but his early death prevented the continued Bupjxjrt 
of his views, and Mayow's trcaLise was soon forgotten by the prej- 
udiced followers of Stahl. 

In the year 168S a noteworthy event occurred in the chemical 
world, tiie opening of public laboratories of instruction. Chairs 
of chemistry had long existed in Institutions of learning, the first 
being filled nearly eighty years before by Johann Hartmann, and 
the honor belonging to the University of Marbuig. Practical in- 
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striiction had been secured also in the private laboratories of the 
wcaltliy. thus Iloinhorg and Friedrich Hoffmann worked in Boyle's 
est;il)lislitnont ; l>iil tlic first piihlic lal)orat<>ry for instruction 
was opened at Altdorf, Piavurin, niider the direction of Prof. J. 
M. Hoffmann. A snrvpy of the stntiis of chemical knowle^lgc at 
that dutc offers a tempting digression but th« length of this ad* 
dress forbids. 

The second public laborjitory was opened in the same year 
(1083) at Stoekholiij, lURki iho palronaf^e of Karl XI of Sweden, 
and under the guidunce of Urban liiarne. Both institutions is- 
sued publications beai'ing the general title Acta^^ which maj' be 
regarded as foreruntiera of the Contributions from the Labora- 
tory of Universfty" now eo oommon In periodical Htenip 

tare. 

Lexicons and dictionaries have been a feature of chemical liter- 
ature fVom tlie earlieet times ; we have already alluded to the 
Tocabnlariesof the sacred art found among the Greek MSS. of the 
Paris National Library and referred to the tenth and eleventh cen- 
turies. These, however, seem to have been compiled for tlie pur- 
pose of misleading the novice in alchemical mysteries, and as 
Hoefer justly remarks themselves need commentaries to become in* 

tell! .jible. 

The universal employment of symlraiic characters, to represent 
both chemical substances and operations, rendered alchemical lit- 
erature diflicult of perusal and early led to the publication of keys 
and vocabularies explaining them. Such keys occur in the manu- 
scripts just mentioned, in Eschenroutoi 's Universal Panacea for 
Men and Metals "^^ which purports Lo have been vvriUen in or bo- 
fore the foui teen th centur}', and in thewoi k^ of Oswald Ciollius'^^, 
Kirclier'^ Lo Febvre, Lemery and many authors ut the seventeenth 
cenlury : tliese however are not properly dictionaries. 

Dr. Martin Kuland. court physician to Rudolph II. jinblished a 
licxicon alchcmiai"iu 1C12, and William .Johnson^* a ''Lexicon 
chymicum" in 1657, but the first really satisfactory treatment of 
chemistry in monographs alphabetically arranged was by Mac- 
quer<7 whose ^^Dictionnaire de Cbymic," published in 1766, had 
great success, passing through several editions and being trans- 
lated into the German, English, Italian, Spanish, Danish and Rus^ 
aian languages.^ Macquer found many followers, among whom 
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may be mentioned Nicholson (1795), Cadet (1803), and well known 
aothon whose worlni are indiBpensable to all Btadents of the sci- 
ence. 

Prof. Wra. RIplf'V Nichols, of Boston, late chairman of this Sec- 
tion, in n rccotit ]irtv?ito communication, has exjHCsscd the need of 
yet another dictionary, oti»' of chemical synonymcs. He calls at- 
tention to the lnr<7P niinihcr of names by which certain chemical 
substances have i)een known at difftnent epochs and in different 
professions, and to the utility of a dictionary explaininf^ their 
synonymy. Professor Nichols suggests "restricting tlie list to 
terms found in tlie literature of the precedinj^ Inindred ^ears, but 
including such alchemical names as have peculiar historic interest 
and such as have persisted more or less in commerce and phar- 
macy." He also suggests that the work should include Knglish, 
French and German names, except when they are simply literal 
renderings of the same term, and names of those minerals which 
are of simple composition lilce halite, witherite, fluorite, etc., nnder 
their appropriate heading. In an example of the proposed method 
of treatment he gives a long list of names for ferric oxide under the 
several heads : alchemical, chemical, mineralogical, pharmaceutical, 
commercial and popular. 

The idea is ceilainly excellent and we have Professor Nichols* 
permission to mention it publicly in the hope that some one may 
be incited to compile such a work. We are not aware of the ex- 
istence of any modern chemical synouymicon, not having seen 
Berta*s Dictionary of chemical terms*'*, published at Padua in 1842 ; 
perhaps the nearest approach to the ideal work of Professor Nichols 
is Sommcrhoff's Lexicon pbarmaceutico-chymicum^®, published in 
1701, a folio of 100 pages. 

About the middle of tiie seventeenth century the dissemination of 
the views of Lord Bacon, as expressed in his Novum Orgtmon, gave 
a great impulse to scientific investigations, and the "splendid liclion 
of the new Atlantis" was practically realized in the foundation 
of the "Koyal Society for improving Natural KnuuUdge." The 
learned men, who in lG4a met in London, and there disturbed by 
unhappy dissensions of civil war withdrew to Oxford to report and 
discuss philosophical experiments, laid the foundations of an edi- 
fice destined to rise higlier, endura longer and to shelter a nobler 
offspring than the most sanguiue could have foreseen. The organ- 
ization was granted a charter by King Charles II in 1662 and 
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tlirce years later began the publication of the "Philosophical 
Transactions, fjivinfr some ncroiiipt of Ihe present nndertakinirs, 
btiidies and labours of the iii;^i'iiious in many consiileruble parts of 
the world." In the following; year the Frencli Academy of Sciences 
began their Memoires. Thus arose the element of i)eiiodicity iu 
scientific literature, one which rapidly increased in iin{)ortanee. 

Tlic year IGO") also witnessed the birlli of the parent of that 
large class of periocbeals not issued by societies but published by 
private parties either individually or cuu|)eratively. The first 
nambcr of the "Journal des Scavans" appeared January 5, IGC), 
■and for one hundred and thirty years was the most proinineut lit> 
erary and scientific Journal of £aro]>e. At that eai'Iy date the 
periodicals partoolc of a literary natnre rather than of tlie scientific, 
but gradually these two elements became distinct and the lines 
became more and more closely drawn until every branch of pure 
and applied science supported a serial especially devoted to its 
progress. Among the earliest periodicals devoted to chemistry 
and its associate physics may be mentioned the Journal de Phys- 
ique et de chimie/' edited by the Abbe Uozier, de la M£th6rie and 
others, begun in 1770 and continued through ninety-five volnmea 
to 1822 ; the '^Clicraisches Journal" of rx)rcnzCrelU 1778-86, which 
was followed by the "Chemische Annalcn" by the same editor, ex- 
tending until 1803. The "Annales de Chiniie et de Physique," 
begun in 1 789, eiyoys the honor of being the oldest surviving serial 
of this class."" 

Of the foundation of Societies oxeliisively devoted to chemistry 
in France, Kiij^laud, Geniiuny ami America, ami of their periodical 
publications, we can make mere mention. The existence of a *'Co- 
himbian ("liemical Society" in Phila(leli>hia. ns early as 1811, de- 
servcis passing notice. Two volumes of its Memoirs were publisiied 
containing articles by l>is. Mitchell, Cutbush, Manners, Bacbe 
and others. 

Of chemical blbliogrvipliy and works it hiling exclusively to the 
history of the .science, we have elsewhere"' given a critical resume. 

As we proceed with this review of chemical literature, the pub- 
lications increase enormously in number, variety and importance, 
and the end of mir nndertaking seems to move forward faster 
than we progress. It is manifestly in^iossiblc in the brief time 
allotted to this address to analyse the chemical literature of the 
preceding hundred years. How shall we attempt to portray the 
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theories . and exiieriments recorded in the wntiii^jsof liergmanir'', 
Sehcele' • and (Jalm, the cininent Swedes; <>\' Black'*, Cavon- 
dish"*' uihI Priesi lev the En»ilihli t riiimvii ate ; ul the Freix li phil- 
osophers Foiucioy''*, de Morvemi"'-^, and Luvoihier'^^' ; ul' Uie indus- 
trious (lermaii eheiuists Kmiekel-', Mar^:graf^"^, Wenzel*'*', Klap- 
roth^'' untl liichtei'^^ ; or of the Italian philosophera GjUv ani'^'',\'ol- 
ta^''', ami Bruguatelli?^^® And passing to a later period, how shall 
we do justice to the labors of BertboUet^», Gay Lussac^^^, Th^nard'^ 
and Laurent^ ; of the immortal Daltoii*^, of the brilliant Davy>< of 
the indefatigable analyst Berzelius^ ; of Mitscherlich, Liebig, Wdh- 
ler, and Hoffman ; of Diimas, Bertbelot and Adolph Wortz ; of 
Graham, FranlLland, Abel and Crookes? 

American contributions to chemical literature have been exhaus- 
tively discussed in the hearing of many* present and need not now 
detain ns ; I refer to Prof. Silliman's Address at the celebration of 
tbeoentenaiy of Priestley's discovery of Oxygen, held at Northum* 
berland in 1874.«» 

The modern period of chemical literature is characterized by 
two opposing foiYses, a tendency to dispersal and an effort to col- 
lect the widely scattered publications. The multiplication of 
learned societies especially in Europe, each of which supports its 
own organ« and the increasing number of nations interested in 
scientific pursuits, in each of which arises an independent period- 
ical, tend to the wide dispersal of memoirs, essays and notices. 

On the otlier hand, iudnslrions editors laliorioiisl^' collect and 
set in order tliesse scattered ohsorvat i(jns, (.-onsti nc'tin<i compact, 
niassive han<lhooks and many volimu'd c-velnncdias. 'I'he nu im- 
nientid work of ( nnclin. which is even now p:isjiin;j; through unollier 
edition, has woriliy rivals in the nia^niticent compilations edited by 
Henry Watts and by Atlolph Wiirtz, and in the work of Rei [stein in 
a field of- special diffleidty. 1 or systematic treatises wo can point 
to Miller, Grahuni-Otto, rdouze et Fremy, Uoseoe anil Schoilem- 
mer and the ever youthful Fownes. 

Invaluable, too, arc the annuals known as Jahresberichto, mon- 
oments of conscientious editorship. 

Another feature of modem growth is the mnltiplication of special 
treatises dealing with single topics in eveiy branch of chemistry, 
inorganic, organic, theoretical, anatj'tical, technological, pliarma- 
ceutical and physiological, until mere acquaintance with their titles 
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beoomes a serious undertaking for baty workers in the labora- 
tory. 

The amount of time and labor required to search for a given 
point throughout the maze of modern cbemioal jonmalst transao* 
tioDs, treatises and band books, is well appreciated by my audience ; 
the superb dictionaries and annnals referred to accomplish much 
in cataloguing, condensing and aystematiaing the infinity of ob* 
serrations ; nevertheless, all working chemists feel the need of 
special Indexes, simply arranged, as complete as possible and ac- 
cessible to every one. Sharing in this feeling, I have contributed 
my mite to the literature of chemical indexes and liave Inspired 
several friendSf fellow-members of this Association, with the cour- 
age to follow. Uranium^', IManganese®®, Titanium®^, Vanadium'®*, 
Ozone'o*, and Peroxide of Hydrogen iiave been indexed on a 
uniform plan, and ray pupil W. W. "VVel)b, B. S., has prepared an 
Index to the Literature of Electrolysis'^^, which will soon bo 
published in the same channel as the others the Annals of the 
N. Y. Academy of Sciences. 

Pardon, we beg you, lliese personal allusions : we have indulged 
in them wilii the object of bringing before this Section a proposi- 
tion for organize<l frtoi t in Uie prepfiration of Indexes to all the 
Kleraentary Substunce?* on h nuiforin plan. 

Tlie advantages which would accrue from the publication of 
special indexes to the literature of the elements and of such other 
subjects as may jirove desiralile are too obvious to need argument ; 
1 have thought that the undertaking might be placed in the hands 
of a C'oiiiinitlce of the Chemical Section of this Association. The 
existence of an Index Society in England under the guidance of 
Henry B. Wbeatley, F. S. A., Hon. Sec.,i<** affords a precedent, if 
indeed any be required* 

The first duty of the Index*Committee of the Section of Chem- 
istiy would be to secure volunteers williug to undertake the com- 
pilation of special indexes ; surely in this National Association a 
few chemists can be found ready to cooperate in such an import- 
ant work. The Committee would flirther adopt a uniform plan for 
the indexes, determine the method or channel of their publication, 
and exercise general editorial supervision over the undertaking. 

Hoping that this suggestion will receive your approbation I leave 
it in your hands. 



Digitized by GoOgle 



25 



AUTHOBITK8 AHD KOTIS. 

1. *QnMrtorij Jonrnal of 8el«iioo, Lomdoii, toI. 49, p. 98, Jui., 1876. 
8«e ftlso: ^Materia roedioi, therapeutics and phamMQy of tba ia* 
clent Egyptians, hs Dr. CHorkt Sie$, Medical Beeord, vol. ZI| p. 

247, Apr., 1876. 

2. ^Letfcrea k M. Letrouoe sar les papyrus billngties et greca . . . de 
r onlfOBiM do Lolde, par C. J. O, Bmmm, Leide^ 1880, Iroltltaio 
lottro, p. 88. 8«e alio : *Kopp*oBeltrige siir Goachlehto dar Ghomle, 

I, p. 97, 1869. 

8. •Ferdtu'ind Uoefer, Ilistofre de la rhimie, Paris, 18nf), vol. I, p. 26i« 
4. •&. F. Uodweli, The Birth of Chemistry, p. 72, LouUou, 1874. 
6. *Etrmann Kopp, Geachtchto der Cbemle, II, 150. 
6. Mtscallan J or Companion to the Shantfial Almanac for 1867. 
- 7. *The Cblaete, their odacatlott, plilloao|>fajr and letters. New Tork, 

1881. 

8. 'The Birth of Alchemy, in tlie 'Argonaut," Jan., 1876. 
U. Cf. *Ferxiinatul WunUnfeldt Geacblchtc dcr Arabischea Aerztc, 
05tUn|[ett, 1840. 

10. *The Works of Oeber, the most flunons Arabian PrlDce and PUloso- 

pher, falthftilly Englished by R[lchard] R[us9ell]. London, 1678. 

11. *J. W. Draper, History of the Intellectual Development of £«rope. 
New York, 1862, p. 303. 

19. For mors than a eentoiy after the foondlng of the Unlreratty of 
' Heidelberg, the chairs were exclnslrely flUed by the clergy ; the first 

t nominatkm of a layman to a professorship in the Medical Ihcnlty iti 

14X2, encountered violent opposition. Cf. Herman Kopp, *L* 6 tat 
des Bcienceti au moyen age, In Kevuo des Cours scientlflques, vol. 
VII, p. 402, May 28, 1870. 
18. Cf. ^Ihmik, AptAogle poor tons lee grands hommea qol ont eai8 
accnsea de Magle, Paris, 1GC9. fThe flr^t edition was in 1653.] 

14. AlhtrlMM Magnus, Opi^ra Omnia, Lugduni, 16S1, 21 vols. fol. [Con- 
sulted In Ilarvard College Library, Cambridge.] 

15. *IkuU Valentine, his Triumphant Chariot of Antimony, witti Anuo- 
tattona of Theodore Klrkrlngius. London, 1678. See also (17). 

18. Chjalsche Schflflen, p. 88. 

17. The sixth edition bears the title, *Fr. Basllil Yalentlnl Cbymliche 

Schriften, Iti dn-i Theile, Lelp7itr 1760. 

18. Cf. •llibllolhtciuc des Philosophes Cidmiques, Paris, 1741, vol. III. 

19. *Paul LacroiZt Science and Literature in the Middle Ages, New 
Toik, 1878, p. 187. 

90. Cf. Basil Valentiue's Chariot of Anlimony, p. 49. 
81. Cf. *Pretlo8a Margariu Novella, Veneti, 1646. [Aptid Aldi Alios.] 
92. Cf Gebt-r, op. rit , p. ,'3. Glauber's worlcs, vol. I, p. 277. Basil 
VuleuLiuc s walks ijxusaimj and Uiu following : " Tal&« 8«veo ounces 

2* 



Digitized by GoOgle 



S6 



ABOBIIi BT- 



of this prepared Venas [coppcrj and put it into a melting pot, . . . 
wImh joq flnfolMd thto wofk giT« Ctod tlianica uid raimnb«r 
the poor;** Baymond Lollj, Philcs. Bacp. Gbip. II, ad JImm; in 

♦Turner's edition, London, 1667. 
28. cr. Olaus Borrichitu, De ortn etprogreasa chtmlfi, in *jilaagetiis' 
Bibl. clieiu. curiosa, vol. I, p. 1. 

24. Cf. Sir George Ripley, Jacob Behmen, and especially Dionisius An^ 
dreot Finher'i Analogy In [Bamtf *Ltves of AlchcniyiUcal FbU- 
osophers, London, 1815, p. 121. 

25. cr. *Thoma» TAomaon, Ulatoiy of Ghemiatiy, London, 1880, vol. 
I, p. 10. 

26. Cf. *Nichol(u Flammel, Ills Expositiou of the iiiuruj^ijipiiicuii 
Fignrea. London, 1624. 

87. In the Collection of *Johttnn Bdppodam, Wien, 1748, also in Barratfb 
Lives cited in (24). 

28. Cf *}rangnns, Bibliothcca cheiitica curiosn, vol. I, p. 400, alio, 
*Bibliothcque des Phllos. Chimiques, vol. II, p. 1. 

29. Glorta Mnndi, aon Taenia Faiadiai, in ^Mnaenm Hermettcnm, p. 
208. 

80. Michael Maier; (a) ♦Tripus aureus. Francofurtl, 1618; (6) ♦Vla- 
torium hoc est de Montlbus P!anet.«»rum septein. Oppenheim, 1618; 
(c) *Symbola aurea nieusas. Francofurtl, 1617; (d) *Secretiorla 
naturse secretorum acrotinlom chymlcum pur . . . Emblemata. 
FrancoAira, 1687. 

81. Antoine JoHfh Perncty, ♦Dictlonnaire Mytlio-herm^'tii,iic Taris, 
1787. Idem, *Le8 Fablea f gyptlennea et Qrocqaea d6voU6es, f aria, 

1768. 2 vola. 
32. See (43). 

88. *jrafi9«tuf , Blbl. ebem. car. II, S86, and In Hasenm Bonnetlcnm, 

p. 438. 

34. Mnrifjttnn, Rlbl. chem. cnr. II, 375. 

36. Mem, I, 19G; also ivu ^Eogllsh Translation published by WiUiam 

Cooper. London, 1G73. 
36. Bound with the preeeding. Cf. alao many titles in tbsse notea. 

87. *MBmff«t/^ Blbl. ebem. our. Vol. I, odj^«m. 

88. [Lenglel du JFVe«noy], *Hlatoire de la Fhilosophie Herm^tiqne. 
Pnrls, 1741. Vol. Ill, p. 214. 

39. *Tlieatrum cbcmicuin prwcipuos selectorum auctorum tractatus dc 
cheroiie etc. Argentorati, sumptlbna Eberh, ZeUneri, 1658. 
6 Tola. 8 TO. [Second Bdltlon]. 

40. *J. J. MangettUt BibUotheca chemica cnriosa. Geneva, 1702. 2 
vols. fol. 

41. *Miisiinini hermeticum reformatum et ampliflcatum. FrancofUrti, 
1678. Small 4to. 

42. V. Sliehebmirg]t Bibllofh^ne dea phllosophea chtrolqnes. Paris, 
1741. 8vola.|12mo. Cf. also: M/&tne«a' Bibliothcca chemica con- 
tracts, Geneva, 1664 ; *FkU^um MorgeiMem, Das Bach von der 



Digitized by GoOgle 



n. CARRINOTOV BOLTON. 



27 



{ruldcn(>n Kan9t» Basel, MlSt Mid *Manm Bofpodam** OoUecttoB. 

Wlcn, 1783. 

43. Liber duodecim Por^rutn, in Maugetus' Bibl. chero. cur. II, 275. 
See also Kopp's Qeediteltte d«r Cbemfe. II, p. 9. 

44. faiaeelaiia' writings number thvee hundfed and sfxty-fonr on agreat 

variety of subjects. His collected works were pabUshed at Basel 

]v ]r,^f> in 4to, and atStrasburg In 1606, fol. 

45. aeorge Agricola, *De Re MeUUica, Libri XII. BasiUffi, 1666. 

46. * Andrea LibavitUf AJchjrmia recognitA emendata . . . tnm com- 
meotarto medleo-phys-cbjmloo. FxaacoAirU, Ibl* 

47. *John Beguinns, T3Toclninm CiTmtcum, orChymicall Bssayesae- 
qaired from the Pountaine of Nature. [London], 1669. 12nio. 

48. *Nkola* FebvrCt Traict^ de la Cbjmle, Le^de, 1669. 8 vote. 
18mo. 

49. OhrktoplM OUmr, TndM de la Clvnl«* (?), lew. 

60. IHeobu Lmerff Ooors de cbjmie, 1975. Tbe editions examined 

■were tho ♦translation of the first edition, by Walter Harris, LondoOy 
1680; the ♦ lUh, I'arls, 1730; and tlie • 14th edition, Tai ls, 1750. 

61. *Uernnan Jioerhaavet A new MeUiod of Cbemistiy iucludlug the 
Theory and Practice of that Aft. Translated bj Peter 8haw and 
B. Chambers. London, 1797. 

09. *Herrman JHosrftoaM, A new ^Tethod of Chemistry including the 
History, Theory and Practice of tliat Art. Translated by Peter 
Shaw. London, 1753 (Third edition). 

53. Idem, Vol. I, p. 204. 

04. *The works of John Budoiph Gtanber containing great Tarfety of 

choice secrets in medicine and alchymy .... Translated Into 
F Tigllsh by Oirlstopher Packe. London, IfiBO. fol. 

55. Onus medicine, vel opera et optisctila omnia, 

56. Jean Bey^ Essais sur la recherche de la cause, pour iaquelle r£stain 
et le Plomb angmentent de polds qnand on les calcine. Bases, 1680. 

07. *The Phllosoplileal Works of . . . JBofiert JBoyte abridged . 

. . by Peter Shaw. London, 1725. 3 vols. 4to. 
58. *J. </. Becker y Chymisches Laboratorium Oder Unterirdlsdie Natnr* 

kundigung. Francfurt, 1690. 
69. Kopp*s Oeechlchte, 1, 180 and 191. 

40. Traetatna Qnlnqne meiUoo phyald qnotam primns sglt de ssl-nitro 

et spiritu nitro-arreo . . . Oxonlif 

61. Kopp's Geschichtc, H, 19. 

62. ♦Acta l.iboratorli AltdorflnL Altdorf, 1719. Also : Laboratorium 
novum cheiuicum, etc., 1688. Actorum chemicorum iluhucu.slum. 

60. *J3o«flliit Falmffntit, Gbymische Scbrlflen Indrel Thdle. Iieip^iig, 
1769, p. 1060. 

64* ♦Tractat von den Signataren, p. 08, In CrolUoa* Basilica Chymlca. 

Frankfurt, 1047. 

65. *Athana8im lurcher, Mundus subterraneus in XII iibros dige^itus. 
Amstelodami, 1GG5, fol. Part II, p. 892. 



J-- 



Digitized by GoOgle 



S8 



ADDBUS BT 



€t(j. In Mangettts* Bibl. chem. rnrioHa, I, 217. 

67. P. Jo9. Macqturt Dlciiouuaire de dumle. Paris, li6C. 

68. Kopp'a OeaelitGlito, 1, 

69* ^nfonlo Bnto, Baggio dl an dliloD«rio d«l tenninl chlmtol. FIf 

dova, 1842. 8vo. 32 pp. 

70. *Jt>fi. C. Sommerhoff, Lexicon ptiarmaceutico^dijrinicuin Utlno«gtr* 
inaiilcuin . . . Norimberg, 1701. am. fol. 

71. The "Jmmal d« cbimte et de pbyaique" of mm Jfimfb^goa in 
1601,.sad "The Chemltt** edited by M. Jfenimflten la 18M, were 
ehort-lfvcd. This Is tnie also of JBIdklei^a Neneie O^genaUnde In 
derCliemle. 11 nos., 1791-1802. 

72. H. C, Bolton, Outliiies of a Bibiioj^rapliy of the History of Cbemla- 
try, Aunala N. Y. Lyc Mat. Uiafc. Vol. X, p. 352 (1878). 

78. 3br6am Iterymatin, OpoacuUi phyalca et diemlca. 6 Tola., 1779- 

1790. Cf. *niyalcal and Chemical BaMja, teaaalated hf Bdmiind 

Cullcn. London, I TR4 i' vf>lj<. 8vo. 
74. Carl Wilhelm Scheeie, Upuscula chemica et physica. Leipzig, 1788, 

Cf.' *MCwuircs d« Cliymie. Dijon, 1785. 2 vols. 12mo. 
78. Joa^k Maek, Lectnrea on Gbemlatiy. London, 1808. Cf. An 

*AnierIcan ^tlon publlahcd at Phlladolpbln In 1807. 8 vola. 8to. 

76. Henry Cavendish, ♦Tiic Life of Henry Cavendish Including ubstraota 
of his more important scientific papers, by George "\Vil^on T^on- 
don. 1851. Electrical Besearckes, edited from the original MSS. 
by .1. Clerk Manwen. Cambridge, 1881. 

77. Joatpk Meartey, 'Bzperlmenta and Obaervattooa on dUAfent kind* 
of Air. London, 1776. 4 vols. Pi'iestley's earliest cbenlcal paper 
uras entitled : *Dlrec(lona fi>r Impregnating Water with Fixed Air. 
London, 1772. 

78. A. Fr. de Fourcroyt 8yst4me des connalsaanoaa chlmlqaes. Paris, 
1801; Tableaox aynoptlqoea de chlnle, Pirla, 1788; Mtoolrea et 
Observationa da ehjmle. Paris, 1784. 

78. Oupton de Morvean, *M£thode de BOnenclature chimlqne. Pfirls, 
1787. Elements de chlmle .... pour servir aux Coiirs pub- 
lics de i'AcaU6wiu de Dijon, 17 U. i!;.ucyclop6die m^Lliodique de 
ehlnie, 1786. 

80. ilMl. Laurent £a«oM«r, Oeavraa oompleta. Faria, 1888. 

81. Johann KunJcel, Collegium physlco-chymicum crperlmentale sen 
Laboratorlum cbymicura. Berlin. 1716. r*V!ert« .^ullage, 1767j. 

83. Andreos JSig, Narygraff Chymisctio Scbrilleu. Berlin, 1761 and 
1787. Svola. 8ro. 

88. Carl iV. n^naaf , Vorleaoagen Qber die ebemiache Verwnndlaebaft 
der Korper. Dresden, 1777. 8vo. 

84. ^f(trtin H. Klaprolh, Beitrage znr chcmischen Kenntalaa der Mlner> 
alkorper. Berlin, 1795-1815. 6 vols. 8vo. 

85. J. Ji. Hichter, Stdchiometrle Oder Meaaknnst chymischer Elemente. 
Brealau, 1788-1784. 8 Tola. 

88. Luifft GtavatU, Opere edite ed Inedlte. Bologna, 1841. 4to. 



Digitized by GoOgle 



H. CARRINOTON BOLTON. 



29 



87. Alettandra Volta, Colleziooe ddl'open [edited by Y* Anfelnoil]. 

FIrcnze, 1816. 8 vols. 8vo. 

88. Luigi BnignateUi, Elementl dl chiinica, Pavla, 1795. 2 vols.} 
also Auuali dl chiiuica, 17dO-1793, aud several other periodicals. 

89. Ckmde L<mU BerthoUett Bteel de SkatlqiM eUmliiiie. Farie, 1808. 
8 vols. 

90. f!ay Lussac, Hccherches physlco-chlmitiaee ftUtes tor la pile, etc 

Varls, 1811. 2 vols. 8vo. 

91. Louis Jacques Thenard, Traits de chimle ^fimentaire. Paris, lttl8~ 
16. 4 vole. 8vOi 

M. Mtif wee Lawma, Cheinlcal Method, tmutated by Wm. OdUDy, 

Loudon, 1865, 

88. *Jo?in Dalion, A New System of Cbemical PbUoeopby. Man- 
chester, 1808. 2 vols. 8vo. 

M. Ab* Bumphity Davy, CoUeeted Werkiv edited by Jobs Davy. Loa^ 
don, 1888-41. 10 vole. 8vo. 

85. J. J. Jierzeiiut, Lebrbodi der CSienle, [*fQiifte Aoflage. Leipalfft 
uar,. G vols. 8vo.] 

96. *lierijamm HillitHaUt American Contribntions to Chemistry — in the 
American Chemist, vol. V, p. 70. rhihulelphia, 1874. 

87. M. C, JtoUen, Index to the Ltteratove of Uraaliun* Annate V. T. 
Lyc. Nat. Hist., IX, Feb., 1870. 

98. i/. c. BoHom, Index to tbe Lltefataie of Manganeae. Mmn, XI. 

Nov., 1875. 

±.(1x0. J. IJallock, *lDdex to the Literature of Titanium. Annals ^j. 
T. Acad. Sd. I. p. 88. 
m Q* J, Moekwta, •Index to tbe Uteratnn of Vanadtom. JUdn, I, 

p. 138. 

101. A, H. J^eds, •Index to the Literature of Ozone. 7dm, I, p. 373. 

102. A. M. Leeds t *Ittdex to the Literature of Peroxide of Hydrogen, 
idem, I, p. 418. 

108. IF. IT. WM>t Index to the Literature of Kleetrolyato. Mum, vol. 

II, p. 

104. Mr W!ipatiey*8 address Is 5 Mlnford Qardenat Weat Kenaington 
Park, Loudon W., England. 



Digitized by GoOgle 



CeNTENNlAL OF CHEMISTRY, 1774^1874. 

^ Tt>the Editort t\f Anmi&kn Chemiat 

Dear Sirs : The year 1 774 was rendered memorable 

byprrat i luMiiiciil u(ii\ ity. It is not pop<?ihle to ns^ig-n 
to Clu niifttry auy deliiiite birlh-year, but so many re- 
markable discoveries were made in 1774 that we may, 
with good reaaon, date ther foondation of modem chemi- 
cal science from llmt jKTio<l. 

It would be qnitc rniiM,t;ii to tho oViJcct hnvf in 
view to give here any detailed account of the .stale of 
the science at the period referred to. We may mention, 
however, a Tew of the most important discoveriea which 
made the year 1 774 noted in the annals of Chemistry. 

The eniiiieiit Swrdi'^h clu'iiii^t. Si hccle, first isolated 
clilnrinc, (•alliiii( it. in acrordaiicc wi|}t the accepted 
theories of the day, " Uephlogistjciiu-d muriatic acid." 
He also recognized baryta as a peculiar eartb, and it 
heocerorth took a place among the elementary aab- 
stancea. Sclicch' also published iu thia same year his 

mastorlv essay on Man^aiu-so. 

i»avoisier was engaged in an ui vealigation of the 
came of the iBeiease in weight of tin when ealdned in 
cloae Teasels—* research which led htm to snbaeqnenl 

discoveries of immense importance. 

Wiegleb proved alkalies to be true natural rnnstitn- 
ents of plants. ( 'adet described an improved method 
of preparing sulpharie ether. Bergman showed the 
presence of carbonic acid in lead white. On the 27th 
of September in this year Comus reduced the "calces" 
of the six metals by means of Ifio electric spark, before 
an astonished and delighted audience of savants. On 
the first of August, 1774, Priestley discovered oxygen, 
the immediate resnllv of which were the v 1 rii 1 , r 
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Page I. loth line froin hotiom, the hmding should r«a<( ' ' i'hysu ai. and 

I NO K< ; A M r r M K M 1ST U Y 

Page ii, liiu's M Hiid 1>, " H^O,Miu" should be in one fine. 

Page (), line middle column of table ),/<»r "Geradorihta" read "Gent- 
dorffite.' 

Page 10, line 2, far " aiiotwiuin " read potawium/' 

Page 10, 18th line from bottom, /or "sluphuric" read *'0alphiiric.** 

Page 10, last line. /or *'Chm." read "^Chimr 

Page 12, line 4, >r 'CV, Ac., ' read "Ca,, *c." 

Pajro 12. line ♦). /»>/• -CJOhO, " " i -JCaO" [/. «.. Wde 

Vw^i' I '), liiuft .) an(i <>, .•should be in one Hue. 

Page !♦», liiM lA, for "Curtins" rend **( 'urtius." 

Page \x. line lo./or " dinothyl- " rcarf "dimethyk" 

Page 22, line 5,/or "«y/jpAiVies" reacT **eidphMee." 

Page 22. Hoe 17,/or «Ci)," read "CJO,," 

Page 22, 17th line from bottom, /or ** hydrogen" read liydrasiH,** 
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CHEMISTRY. 



By H. Cabrinoton Bolton, Ph. D., 



The year 1882 is marked by great industry in all dc'j)artiuent8 of 
chemistry; no startling auuouiicemeuts have been made, but several 
extremely iDteresting syntheses of organic bodies hare been accom- 
plisbedy viz, tyrosine and nrie&cid, both of the animal organism. Great 
actiTily is noted in tbe revision of the atomic weights. Progress has 
been made in nnraveling the Imotly problem of the rare earths in oerito, 
wnarskite, anfl gadolinite, but no satisfaotoiy oonclnsions have been 
reached as to the existence of tiie hirger nnmber of elementaiy bodies 
annonneed since 1877. 

In the. brief space at onr disposal we can barely note the salient fea- 
tores of the yeai's work in a series of short abstraetSy and these we con* 
fine chiefly to pare chemistry, pa>'ing little attention to analytical and 
indostrial chemistry. Periodical literature, devoted exclusively to chem- 
istry and its applications, is becoming voluminous \ the fifteen principal 
journals of America, England, France, and Germany publish annually 
about 18,000 pages; in this rough estimate journals of physics and 
transactions of sofif<ties nre not included, and both classes of serials 
contain much rlu mical material. We need hardly say that no nttempt 
is made in the tollowing pages to chronicle the ]ii(idigious amount and 
variety of work contained in these and other sources of information. 

INOBOANIO OHBiaSTBT. 

On the Reciprocal Solutions of JAquids. — Wladimir Aiexejeff has de- 
voted eight years to a study of the mutual solutions of mixed liquids, 
and he finds that the hypothesis proposed by Dussms \h wulyeet to ex- 
ceptions. The latter stated that the mutual solubility of liquids in. 
creases with the rise iu temperature, but Alext^efl tiuds that iu ceriaiii | 
bodies (isobutyl alcohol, for example) the solability diminishes with an 
increase of tempeiatnre. He also discovers that the solnbilily decreasea 
to a definite point and then increases again, or, in other words, that a 
minimum of solubility exists, just as certain solids have a maximnm of 
solability. 

When phenol and water are bronght together two layers ibrm; the 
lower is a solution of phenol in water, the upper a solution of water in I 
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phenol. Nt>vv the mutual sohibilily of these liquids increases with tlie 
temperature, and at a certain point (08^ for pure phenol) the two liijuids 
mix m all proportions. Man v liquids, such a« aniline and water, follow 
the same law j solids^ too, obey the same law, as is shown by the mutual 
action of water and flklicylio aoiii Tbo author claims that the solutions 
of BoUd and of liqnid salicylic acid ezbibit a true pbyeical Iflomerism. 
{Bull 8oe, Ohim^ zxxTin, p. 145.) 

Molecular Structure and Physical Properties.— Tliat a close connection 
exists between the structure of molecules and the physical properties 
of the substances composed of these molecules is becoming Tnore and 
more evident. Pawlewski finds that flie ''critical temperatures" of 
isomeric ethers are very nearly Identical, and that isomers containing 
doubly-linked atoms of carbon linve a liijrli»'r critical tempera! uie than 
those in the molecules of which the carbon atoms are singly linked. 
{Berichte d, ehem, Oes,^ xv, p. 460.) 

D^evnntiMKioii of Otu l>0nntiet,^B, Ooldschmidt and Victor Meyer 
have demised a simple method for determining gas densities in an expe- 
ditions manner. The process was employed at first in connection with 

experiments made on the density of cyanogen at various temperatures, 
but is applicable to many bodies. The vessel employed is first filled 
with pure, dry air of the temperature at which the density is to be 
taken ; the air is then displaced by hydrochloric acid gas (free from air)^ 
collected over water and measured. The hydrochloric acid gas is in 
turn replaced by air. The gas to be examined is then introdnced until 
all the air is expelled, and this gas is again displaced by hydrogen, or 
by air, and collected in a potash bulb containing a liquid capable of 
completely absorbing it. The increase in weight of the potash bulb 
gives the weight of the gas ; the weight of an equal volume of air at the 
same temperature is determined from the volume collected, and the 
quotient gives the density sought. 

The apparatus cousists of a glass cyliuder 200"" long, 30™'" in diam- 
eter, with a capillary tube at each end, the extremities of which tubes^ 
rise aboye the upper end the cylinder and axe bent at right angles. 
This apparatos is heated in a glass tnbe with a bnlbons extremity 
400™ longy and of snfldent sise to contain the liqnid, whM boOing 
point is the tempeiatitre of measurement. The liquids nsed in the onter 
vessel are water, aniline, amyl bensoate, and dSphenylamine. For 
higher temperatures boiling salphnr and penta-snlphide of phosphorus 
are used, in which case the inner Tcssel receives a spherical form, and 
the outer vessel is made of iron. 

The authors obtained by this process a density of 1.53 for carbonic 
anhydride, and of 1.26 for hydrochloric acid gas, figores exactly equal 
to the theoretical values. 

The apparatus can also be emp]oye<l as an air thermometer. Sulphur 
was found to boil at 426^ C. {Beriehie d, chem, Oea,, XY, p. 137.) 
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Chemical Rcactiom m the Irrhrnche Cell. — Dr. Ertwnnl Divers has 
presented tho followiiiij reactions: Zinc is slowly acted ii])on by a solu- 
tion of amnioniuin chloride, and erysUils of ziiiro-diamiiKuiiDin-chloride 
are formed^ tliis is decomposed by water alone into an insoluble and a 
soluble portion, probably ais shown in this equation: 

3Zn (NHa C\h + 2 OH^ = 2 HO Zn BB^ 01 + (CI H4 N),. Zn (NH3 CI), 
Zinco-diamniouiiim-chlonMci dissolred in solution of ammonium chlo- 
ride acta gnidu:ill>- <m artiti< ially prepared hydrogen mancranite, II^ O4 
Mn.2, caiiBin^r manganese to go into solution, and the precipitation of 
£inc on the manganite, probably thus : 

(JNH, Cl)a Zn H- H, 04Mna = 2 l>iU, CI + Zn O4 Mn, 

These experimental facta lead the anther to the following theory of 

the action of the cell : 

Primary ^/'f ion .-—Formatum of hydrogen manganite and sinco- 
diammonium-chlohde.' 

- + 

Mn, O4 + 2HNH3 Cl-f Zn 
become Mnj O4 H, + (NH3 CI), Zn. 

i>rcon(lary actiom, earning polarization. — The hydrogen manganite acts 
locally upon the zlnco-diammonium chloride solution, and forms zinc 
manganite and ammonium chloride; this proceeds more rapidly by gal- 
vanic action when the cell is at work, thus : 

— + 

Mn, O4 4- Zn (NHa CI), + Zn 
become Hn, O4 Zn (NHo 01), Zn. 

The zinc manganite and the hydrogen man^'anite by coating over 
the manganese dioxide, protect it from the primary action of the am- 
monium chloride and zinc, and thos cause i)olari2ation of the cell. 

iSSsMNutofy aetUma^ emmng depoUsrigaiii»u—The ammoninm ehloiide 
dlBSolves manganons and sine oxides out of the manganite, the manga- 
nous oxide liberating ammonia; 

Mn, O4 Zn -f 4 01 H4 N s Mn O, + 2 OH, + 01, Mn + (NH3 01), Zn -f 

2KH3. 

The manganons chloi itie dissolves in the presence oi ilie free ammonia 
as a double chloride of manganese and ammoninm. By the solution of 
these oxides the manganese dtozide d the manganite becomes active 
, again. The depolarising action proceeds slower than the polarizing, 
and therofove the battery leqnires to be left nncircaited, in order to 
recover its ftiU power after use. (Oft«m. Kmn, XLYif p. 209.) 

Atcmic W^tffkU of tk€ Slmmia, 

Carbon. — ^Roscoe has redetermined the atomic weight of carbon by 
the direct combostion of the diamond. If O s 15.96, he obtained as a 
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mean of six ezperimeoU 0 » 11.9757. Bamas edcL Stas in 1840 ob- 
tained 11.970& ( Comptes RenduSy oiv, p. 1180.) 

ITronjitm.— Zimmermaim has prepared metallic aiaDiam by P^ligot'a 
method and stndied ita properties. Its spedfio gvayity la 18.686, and 
its speeiflc heat between 99° and 0° is .02765 ; the latter number multi- 
plied by 240 gives a product of 6.64, which agrees with the mean atomic 
heat indicated by Bulong and Petil^a law. This settles the controversy 
concerniug the correct value in favor of 240 and in accordance with 
MeudelQjeff's classification. (Berichted, ohem. Ges., xy, p. 847.) 

Glucinum. — Dr. James Blake tbinkB that the evidence derived from the 
physiological action of the salts of glncinnm may be of use in determin- 
ing its tme x)osition among the elements. He finds that the effects pro- 
duced by the introduction into the blood of saltn of Be are the same as 
those cansed by the salts of alumina and of ferric oxide. He regards 
glucinum as a member of the aluminium group of juetals. {Okem, Nem, 
XLV,p. 111.) 

Aluminium. — The atomic weight of this element has been subjected 
to a painstaking revision by Prof. J. W. Mallet. The general mean of 
30 experiments gives Al = 27.0313, with a i)robable error of db 0.0045. 
jOxygen = lo.OGl.] (Chem, News, xlv, 250 et seq.) 

Eubidium. — Charles T. Ileycock has redetermined the atomic weight 
of rubidium with the view of testing its relation to Proutfs hypothesis. 
The figures obtained by titration of the chlorine in pure chloride of 
rubidium are 85.344; and those by titration of the bromide are 65.387, 
results which lead the author to the conclusion that at present rubidium 
cannot be regarded as oonfoiming to Ftoul^s hypothesis. {Report ftf 
BrtttiA Awtoc^vd Nature^ xxn, p. 467.) 

iXdlymtusi.— Brauner has determined tlie atomic weight of didymium 
as 146.18, and that of lanthanum as 138.88. (cT. Chem, 8oc^ xtx, p. 68.) 

Tttriwn has been prepared by Gleve fteeftmn terbium and its atomic 
weight redetermined. He assigns the value88.9 toT'" when 0»s 15.9633. 
{Comptes EenduSy December 11, 1882.) 

Thorium. — L. F. Xilson has redetermined the atomic wcijrht of tho- 
rium by ignition of the carefully purified sulphate: Th (8002 ^) H^O, 
and obtains as a mean of ten experiments 232.40. {Berichte d, chem, 
<?€«., XV, p. 2519.) 

A rvralcidatxon of fhe atomic tceights, by Prof. E. W. Clarke. — Brief 
mention must be made in this connection of tbe systematic recalculation 
of the atomic weights carried out by Professor Clarke and ])nblislied by 
the Smithsonian Institntion as Part V, of tlie Constantij of Nature. 
Chemists are under great obligations tor this invaluable treatise. 

Con^po»UUm of the Atmotphere. 

Several chemists have carried on ind i j M iirlently more or less elaborate 
researches on this subject. Peiset ha.s made niiaieroUH determinations 
uf the amount of carbonic anhydride in the atmosphere, and finds the 
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values iisnnlly iriven (4 to 6 volumes in 10,000) much tooln'i^li. He gives 
2,962 vols, iu 10,000 as the mean of 220 exi^erimeuts made near Dieppe. 
The ratios obtaiiHMl in Paris are somewhat hiplier, bemjr 3,1(IS vols, of 
carbonic anhydiiile m lO^OOOof air. {Ann. Chim. et Fhys, (5) xxvi, pp. 245 

et scq.) 

A. Muntz and E. Aubin have also made determinations of the pro- 
portions of carbonic anli^ diitlc m the atmosphere at I*aris and near 
Vineennes, and the results (which confirm lieiset's figures) show that 
the variations in the amount of carbonic aniiydride are due to local in* 
f aences, and that in general the heavier gas is quite nnifiHrmly distrib- 
oted thronghoat the lower strata of the atmosphere. These chemists 
also examined the air of elevated regions, conducting experiments at 
the altitnde of 2^877 meters (9,422 feet) in the Pyrenees. Although the 
dkection of the wind and state of the atmosphere varied greatly during 
their experiments, the proportion of carbonic anhydride was fonnd to 
be constant, being about 2.8d vols, in 10,000 of air. For the sake of 
comparison the air was examined in two valleys at the foot of the 
Pyrenees, one near Pierrefltte (507 meters above the sea-level) and the 
ottier near Lnz (730 meters); at the first station th(^ air was found to 
contain 2.70 vols, of carbonic anhydride in 10,000, and at the second 
2.^ in 10,000, the latter determination being miidc in the midst of lux- 
nrious vegetation. Mnntz and Anbin conclude that carbonir anhydride 
is very uniformly distributed thron^diont tlie atnK>s])]iere, and regard 
their results as contirnnng lieiset's statements •,\m\ JSehloesi life's theories 
concerning the circulation of carbonic anhydride upon the surface of 
the earth. ( Compter Kendus^ xciii, p. 707.) 

Dr. Edward W. Morley has devised a method for accurate and rajtid 
analyses of air, and Ims made a series <»f dally analyses in tluplicate of 
air collected at Hud.sc^i, Ohio, for six months, beginning with January 
1, 1880, and one for six months and twenty days, beginning October 1, 
1880. For details of the apparatus and process we reier to the original 
paper. Each pair of analyses occupied about 70 minutes of time, and 
the mean error of a single analysis for half a month was less than the 
thousandth part of one per cent. By comiMiring the results of this long > 
series of daily determinations with the data obtained from the thrice- 
daily maps of the state of the weather ftimished by the United States 
Signal Service Bureau, Dr. Morley finds that most of the variations in 
the amount of oxygen are caused by the vertical descent of air from 
high elevations. This descent of cold air seems to be the effect of 
sudden and severe depressions of temperature rather than the cause ; 
the descent follows the cold by a day or two, aud the decrease in amount 
of oxyp:eu begins simultaneously with the descent from above. {Proc, 
Am, Amoo. Adv, Sci,j 1881 ; abstract in Ohmn. Nwa, XL, pp. 245, 284 et 
9eq,) 
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Litt qf New EUmettU tmnowneed tince 1877. 

The six years ending in 1882 have been nnnsnally proliiic in new 
elements, or at least in announcements of the same, for it most be con- 
ceded that most of them will fiiil to stand the test of more thorough 
investigation. These alleged discoveries are widely scattered in pe- 
riodical literature, and the following list may prove nsefol for reference: 

Uff i/ «l«Miilarjp tiiMmmee$ mnnounoedfnm 1877 to 1882. 



1877 



1878 



1879 



UM 

1881 
1882 



Nnpinninm 

Lftvoeainm 

MoHandrum 

Diivvimi . 

" Xfw earths ". . . 

"X " 

Philippium 

I>ecipiuni 

Ytterbium 

Scanditim 

Norwi>Kitini 

Uralinm 

Ramathiin ....... 

Bair. ninin 

Tbiiliiim 

Ilcilniiiirii 

Culutnbiuiu 

Kofji riimi 

Vesbiuni 

Coiiit'Hinni 

Ya and \'0 

At'tiiiiiiiii 

Didjuiiuiui? 



Coltimbite 

Pyritc. 

Sainuniikitc 

riiitiimiii nrcH. .... 
rniiaiiiiMl minenL 
(indnlinitt^ 
Saniarskitti ....... 

Sninai'Hkite 

< iudolinttt* 

i lartoliiiit*' 

GiTmlorllitA 

I'lutiniim 

Saninn«kito 

iMit4.i)i]'ri-hcii8ioti) 

(iailolinito 

(ia<li>litiiti- ..... 
SaiiiarHkite .... 
Satiiarnkite .... 
Lava 



••••••• • 



/.illC III . 

GaUoliuite. 



I 



Hmnkiui. 

PraL 

J. L. Smith. 
SerciuH Ken. 
(ierlatid. 
Sunt. 

Dflafuntaine. 
Dflal'ontaiM. 
Iblarifzoatv 
Niltwii. 
Dahtl. 
Giiyanl. 
Li*<'0<| do Jtoisbaudran. 
Wagoer'a 

V.Uxi: 
("lov. . 

J. I,. Smith. 
J. L. Siiiilh. 
S(M( I hi. 
Kaciiimeror. 
Marigoao. 
PhipaoD. 
Cleve. 



Nmo EUmmtii ry iSubataneet^At the meeting of the Russian Oh^nical 
Society held October 20, 1881 (and reported in the BuUetin de la BocUU 
Ohimigue deParitf for August, 1882), Mendelcgeif, the distinguished au- 
thor of the periodic law, remarked that only two of the recently an- 
nounced elements— scandium and ytterbium — ^had been satislSEMStorily 
confirmed. These have been obtained in a pure state by Nilson, and 
neither of them has absorption spectra. All the otiier metals seem to 
be mixtures, as was the case with the old erbium of Bunsen and Bahr, 
and which proves to contain tSc, Yb, Er, Tr, and other elements. Scan- 
diiim corresponds in its atomic weight and properties to ekabor, a hypo- 
thetical substance, the existence of which had been foreseen by the 
speaker. 

^Mendelcji'fl' expmssetl himself convinced ihni liis |M'ri(Hlic law will find 
further continuation in the results to be yet obtained in studying the 
elements of cerite and of gadoliiiite. {Hull. tStK\ Chim.^ XXXVlli, p. 140.) 

A new element accompanying didymium is announced by the Swcdisli 
chemist, Prof. P. T. Clove. lie has long studied the rare earths existing 
in <'eritc, gadolinite, and similar minerals, and the behavior of the oxide 
()f (lidyniium obtained from the latter has led him tosusi)ect tlie presence 
of a new element. In the beginning of the year 1882 he submitted to 
fhictional precipitations about 200 grams of didymium oxide, and sepa- 
rated ftom the yttria earths with potassium sulphate by repeated pre- 
cipitations; the atomic weight of the first finction was 140, that of the 
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last 142. The examination of the ignition Bpectnun of the last frac- 
tion showed, besides strong rays of dldymium and lantbauum, new rays, 
among which is a very strong one having the wave-length of 4333.5. This 
ray belongs neither to didyminm, lanthanum, yttrinm, erbium, terbinm, 
nor to Marignac's Fa, and is regarded by Cleve as peculiar to a new 
•element which he designates provisionally by Difi» {Comptes Benduif 
abstract in Chem, NewSy xlt, p. 273.) 

Soon after the publication of the abovo statement by Professor Cleve, 
B. Biauner printed a note in the Chemical Xews (46, 16), in which he 
dhows that he anticipated the Swedish chemist in discovering a new 
element accompanyin)? didyminm in cerite. His experiments were made 
in Professor Roscoe'n laboratory, and some of his results were published 
in tlii' Anzeiger (Jcr lais. Academie der Wissemcluiftt n (October (k ISSl), 
Brauuer thinks that oxide of didymiuui. as usually known to ciieniists, 
■eonsists of a mixture of at least three rh nionts, true didymiuni having 
an atomic wei^^ht =145.4, Cleve's eL laent, mor*' 1) isic rhan <li(lymiura, 
and a tliird with a higher atomic weight is less ba^ic than didj^'mium. 
This last may possibly be samarium. 

Professor Cleve in a still later communication states that continued 
researches by himself aud Thalcu have convinced liiui that tlu* lay 
4333.5 belongs to the spectrum of lanthanum, and that the existence of 
a new element is very improbable. {Ckmn. JTeiM, ZLVi, p. 43.) 

The eartkB contained in eamarekUe have been studied by Professor 

H. E. Boscoe, with the object of ascertaining the existence or non-ex- 
istence of Delafontainc's idiilippium. Boscoe worked up 1,500 grams of 
samarskite and obtained about 60 grams of oxides containing terbium, 
erbium, yttrium, and philippium (?). The oxides were converted into 
formiates, and these salts carefully examined to obtain pure philippium 
salt, but the author failed to get an oxide havinj]: a constant atomic 
weight e(|ual to 122 (claimed by Delafontaine). The numbers varied 
between the atomic weif,dits of terbia and yttria. lioscoe then tried tlie 
following conclusive exi)eriiri«Mit t [Trains of terbia, having an atomic 
■weight of 147.9, and grains of criulc yttria, with an atomic w<'iglit of 
101.4, were respectively coiiv»'rtcd into forniiat4's. Of each of thest' two 
foruiiatcs, two thirds were brought into solution separately while the 
other third of the terbium formiate was mixed with the remaining third 
of yttrium formiate, and the mixture dissolved. Each of the thi-ee so- 
lutions was then mixed with an equal bulk of alcohol and allowed to 
stand for the same length of time. The two solutions, containing re- 
spectively terbia and yttria, gave crystals presenting the ordinary ap- 
pearauce of fonniateM of the metals in question, but the third solution 
•containing the mixed formiates deposited rhombic prisms exactly like 
the crystals which Delatbutaine claims are peculiar to the formiate of 
philippium. The non-existence of philippium is thns undoubtedly es- 
tablished. {Chem. New8f XLV, p. 184.) 
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Re$eareKe» on other Iftmmtfy etc 

Thorium. — Two important niemoirH have been published by L. F. Nil- 
8on on thorite aiul its chief constituent, thorium. lie worked upou two 
, kilofcraniR of* tlie rare mineral aud prepared a very pure thorium sulphate^ 
from which he made a determinatioti of the atomic weight of the element. 
{See paragraph on atomic weights.) He detemnned the specilic gravity 
of thoria, linding the tigure« 10,2199. lie also prepared the metal by 
the reduction of potassio-thoriam chloride with sodium in the iron appa- 
ratas he had preTioaily vied for heryllinm. The metal obtained fonoed 
a gray shining powder showing distinct eiystlds under the mierosoopc; 
it is unaltered by exposure to air up to 100-120O C; when heated higher 
it bums brilliantly^ forming a snow-white oxide. The metal bums in 
chloriney bromine, and iodine gases, yielding sublimates; it is slowly" 
attacked by dilute sulphuiio acid, and by dilute nitric^ concentrated 
nitric acid has very little effect • Uydrochloric add dissolves the metal 
readily. The metal has the specific gravity of about 11, resalts being- 
not perfectly satis&ctory. {Berkhte d* chem, Ges^ xy, pp. 2519-2547.) 

Froperfies of Pure Metallic Aluminium. — I*rof. J, W. Mallet, in ihe 
course ol Ins researches on the atomic weij^ht of this metal, required a 
quantity in a very pure condition, and this ^avt au opportunity of study- 
ing its properties. Crude (commercial) aluminium couUiins: 



Al...... 96.8D 

3'e 1.84 

Cu trace. 

Si 1.27 



100.00 

This was converted into bromide by treatment with liquid bromine* 
and the product purified by fractional distillation. It was then reduced 
by sodium in a crucible lined with a mixture of purified and dried 
' alumina, with sodium aluminate. The metallic globules were again 
fhsed and further purified with hydrochloric acid. The metal thus ob- 
tained was perceptibly whiter than the commercial article, also softer,, 
more malleable, and had a fracture with some appearance of flbroua 
silkiness. Its specific gravity at 4^ G. is 2.583^ Its specific heat ia 
0.2253 as a mean for the range of temperature O^^-lOO^ G. Attempts 
were made to roughly estimate the fusibility, and the pure metal seema 
to be a little less fusible than the commercial article. It also presents 
greater resistnnoe to the prolonged action of solvents — acids and alka- 
lies—than the impure metal. {Chem, ifewe^ xlyi, p. 178.) 

Iridium^ according to Mr. John Holland, can be alloyed with phos- 
phorus at a high heat, and the alloy fuses at a comparatively low tem- 
perature. The fused metal contains, according to Prof. F. W. Clarke^ 
' about 7^ per cent, of phosphorus. The phosphorus is removed by heating 
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in a HdwiflD oracibte with lime^ The iridium melted by this process i» 
coMpaot and crystalline; it is harder than the natural metal, bein^ 
nearly as bard as the ruby; it has the color of steel and is not attacked 
by acids. (OAs.. . Jlfew$, xly, p. 168.) 

Preparation and Properties of Metallic Ccesium. — Owing partly to the 
extreme scarcity of mat'erial Biinseii's attempts to obtain cresium in me- 
tallic form were unsuccessful, but Carl Sett^rberg, availing himaelf of 
the tons of alums obtained in Marquart's establishment as a secondary 
]nodnot in the manufacture of lithium compounds from lepidolite, ha» 
isolated this rare metal and studied its properties. Setterberg prepared 
in 14 days 40 lrilo|Erams of rubidium alum and 10 kilograms of cmsium^ 
He obtained metallic rubidium by decomposing the hydrogeu-tartrate 
with calcium carbonate and sugar, in a mercury flask, but attempts to 
prepare citoium by a similar process were fhtile. By tbe electrolysis of 
the cyanide of cssium mixed with barium cyanide in the ratio of 4 mole- 
cules to one, Setterberg obtained the metal quite free fh>m impurities. 
Metallic cipshnn resembles closely tbe other alkali metals; is sUver 
white, malleable, and very soft at ordinary torn peratnres. Thrown 
upon water it floats around and decomposes it with evolution of heat and 
light, in the same manner as potassium and rnbidium. It inflames easily 
when exposed to the nir unless protected by a film of oxide or by a layer 
of petroleum. The metal meUs between 26^ V. :iTid 27° C; its specific 
gravity is 1 «S at 15° C. Examined in the spectroscope it showed ouly 
traces of sodium as an impurity. 

Setterberg failed to detect new elementary substances in the residues 
fh>m which he extracted the rubidiam and csesium salts. {Liebig's An- 
nalen^ ccxi, p. 100.) 

Nateeni Hffdrajfen^l}, Tommasi, by numerous experiments on the 
reducing power of nascent hydrogen, has been led to the conclusion 
that its peculiar power varies with the reaction by which it is generated* 

Hence, hydrogen in a nascent state may be regarded as hydrogen + 
ealori^; or n -f or, in which a has different values according to the 
source of the hy driven; thus: 

SOA + Zn + aq; or s 38 cal. 
« S04Ht + Gd + aq; or as 23.8 cal. 
SO4H, + Mg+aq; as 112 cal. 

Ihe hydrogen increases in activity witii the increase in value of a ; 
fbr sodium amalgam it is 112 cal. (BuU, Soe, OMm., zzxym, p. 160.) 

FirqparaUon o/pure Nitrogen. — Attempts to remove the last traces of 

oxygen from atmospheric air by means of phosphoms, potassium pyro- 
gallate, hypoaulphit<\s, ]>otnssiumvSodium alloy, and red-hot copper prov- 
ing unavailing, Dr. Walter Flight found that it can beefl'ected bypass- 
ing the gas over a largo surface of freshly prori imitated ferrous hydrate. 
The latter reagent he prepareti by adding a strong solution of 80 grama 
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of canstic potash to one of 200 grams of femas sulpbate. The nitrogen 
thus treated failed to develop a brown color with apotssinm p jrogallafte» 
{Chem, Keitiy xly, p. 105.) 

Behavior of Nitrogen in the DuitiUation of CoaZ.— Text- books nsnally 
state that coal contains about 2 per cent, of nitrogen, which romes off 
as ari)Tno!n*a wlion thecoalis heated in closed vessels. Prof. W. Foster, 
liowr\ ( i\ liiuls that only a small fraction of the total iiitro<,'<Mi comes off 
as ammonia. In an experiment witli coal containing 1.73 per cent, of 
nitrogen, only 14..") per cent, of this amonnt was evolved as ammonia, 
1.50 jx r rent, as cyanojren, 3.5,26 remained unaltered, and 48.68 of the 
"Whole amount remained in the coke. {Cheni, XewSf xly, p. 299.) 

PreBOtee qfArsenie in BUmuth Su!mitraic—Ot fourteen samples of 
bismuth snbnitrate examined by B. H. Chittenden and 8. W. Lambert, 
only one was found to be perfectly fi«e from arsenic. The average con- 
tent of poison in the samples was .013 per cent, or 13 mgms. (about two* 
tenths of a grain) of As, O3 in 100 grams of bismuth. The sobnitcateof 
bismuth is extensively used in medicine, and though it may not contain 
arsenic in sufficient quantity to be in itself injurious, the presence of the 
poison is greatly to be deplored. Fortunately, as the further experi- 
ments of the antlKtrs show, the arsenic is not rea4liiy absorlwd into the 
system when combined with the bismuth preparation. {Am, Chew» J,^ 
ui» p. 396.) 

A new Oxiehlofide of Sulphur,^, Ogier, by heating to 250° C. in 
sealed tubes a mixture of equal weights of chloride of sulphur and 
ehloride of sulphuryle, obtained the body S» 001,; it forms a dark red 
liquid, boiling at OQo and having a specific gravity at Oo of l.d56. Its 
formation is explained by the equation: 

2 S, 01 + 2 SO, CI = 2 S, OCl, + SO, + S 

It is (le(*omi)osed by water, forming a precipitate of sulphur, snl- 
pluirous anhydrule, sluphuric acid, hydrochloric acid, and thio-acids. 
{BuU. iSoc. Chim,^ XXXVII, p. 2SI3.) 

An abundant sonree of teleniumj according to P. Kienlen, exists in 
the crude hydrochloric acid condensed in Glover's towers. The selen* 
ium is derived from the pyrites, and being volatile at a red beat is car- 
ried over by the hjdrocbloric acid jrns during' tlie calcination of the 
salt cake, and eondeiises in the lirst recipients in the form of a red- 
dish mnd ; tliis mnd, when dried, contains in some cases from 41 to 45 
per cent, ot selenium. The author extracts the selenium from this 
deposit by acting upon it with chlorine, which converts it into a tetra- 
<;hh)ride, and this, in the presence of water and chlorine, is transformed 
into selenic acid. The acid liquid obtained is then precipitated with 
hydrogen sodium sulphite andpuriiied. {JJuU. Soc. Chtn., xxxvil, p. 
441. 
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Pre^cuce of Tellurium in Copper. — Prof. Th. Eglestoii lias detected 
tellurium in commercial copper to tbe extent of about 0.1 per cent. A 
8urprisiii;4ly small quantity renders the copper red-sbort, and conse- 
quently worthless for rolling. ( Trans, Am. Inst Mining Engineers, Har- 
risbarg ^Meeting, Oct., 1882.) 

Complex imrganUf Dr. Wolcott Gibbs has published a con- 

tinuation of bis remarkable researches on the complex iBorganic acids. 

He has demonstrated that inorganic comxK>iiiids possess an anexpected 
degree of complexity, and has entered a very wide field of research, yield- 
ing a rich harvest. After discussing in detail several phospho-niolyb- 
dates, he describes the preparation of thearsenio-molybdate having the 
composition: 

16 MoOa. A8,0». 5 (2f H4)s O. H,0 + 8 aq. 

The stndy of these two sories (pbospho- and afsenio-molybdates) 
leads to the following general results: 

1. The phosphO'molybdates form a series of which the lowest term 
contains five atoms of molybdic to one of phosphoric oxide, and the 
highest twenty-four atoms of the former to one of the latter. 

2. As in the case of the phospho-tangstates, the greater number of 
the molybdonnm ronipounds contain an even number of atoms of tnng- 
Stic {«cid. The Uomologiziug term is, therefore, *J ^loO , for these cases. 

3. By far i\w pfreater number of phospho-molybtlates contfun lArea 
atoms of fixed base (old style), or, in more modern language, may be 
considered as derived from a<"ids containing^ sijc atoms of hydroxy!. 
Anhydrons compounds of this ty])i' occur, and are not always sirnply 
residues obtained by lieating i^lts which may be considered as acid, as 
< niituiiiinL!, for example, '.\ ll,0. 'I II^O. It sccins, thereiore, neccssaiy 
to admit the existence of acidc of the general type n M0O3. PjOj. 3 TT2O. 

4. On the other hand, while no single phospho molybdate containing 
more than three atoms of fixed base for one of phosphoric oxide has 
been obtained in a state of indubitable purity, there is probably at least 
one i»alt with sijc or more atoms of lixed base, viz: 

22 MoO;,. l^.Oj. 7 AgjO -f 14 aq. 

5. Negative evidence concerning the probable non-existence of a 
series of phospho- or arseuio-molyV l iit s coutainiuij more than three 
atoms of fixed base, must not be too higlily regarde<l. 

C, As in the case of the phospho tungstates, there exists a class of 
phospho-molybdates in wliicli tlie ratio of the number of atoms of base 
to that of the number of atoms of phosphoric oxide is as 0 Liie num- 
ber of atoms of molybdic oxide being even. 

Dr. Gibbs presents a series of structural formulae which explain all 
degrees of basicity which appear to be possible under the general con- 
ditions of the problem. For these and other details we refer to his origi- 
nal paper. (Am. Ckent, J., iii, p. 402.) 
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ComtUuHm ofBUaMng IW<ter.— Chemists bave devoted mach labor 
to the determination of the exact oonstitiitioa of bleaching powder, and 
Have arrived at result s expressed in a great variety of formiilA. 

Thorpe gives: Ca^OeCCl^ (= CaCl,0,+ C;iCl, + CaHA + 2H«0); 
Eose gives: (CaCl2,Ca202) CaO.Cli -|- 4 II^O; Kolb after a very thorough 
investigatioD: (2 CaOiOltHgO), OaHjOi. Odling proposed the formuia 



and thie view has been quite generally adopted. Stahladimidt regards 
bleaching powder as calciain hydrozychloride^ 



i. e.j calcium hydroxide, CaHsOa iu which one atom of bydrogeu is 
replaced by chlorine. 

The question has been again investigated by Dr. Karl Jvrant, who 
examined the action of chlorine on lithium hydroxide and obtained a 
compound very similar to the oalciam analogue. When chlorine gas 
was brought In contact with the melted lithium hydroxide, the latter 
increased only 1 per cent> in weight in. \.\ hours, but by the addition of 
crystallised lithia in such quantities that the mixture oontained about 
1.4 per cent. H«0 the action of the chlorine was hastened. The reaction 
is as follows: 

4 LiOU H- 2 CI = LiCl + LiOCl + 2 LiOU + H,0 

This oqnatioii was confirmed by analysis of the product. The lithium 
bleaching powder reacts with carbonic auhydride exactly like the cal- 
cium coiiipound, i, c, it is decom posted with libemtion of chlorine. It 
also behaves with chlorine just like the calcium conipouiHl. Since, how- 
ever, lithium is a mono-valent element, one atom of the metal cannot 
simultaneously bind chlorine and the radical of hypochlorons acid, and 
Odliug's manner of representing the constitution of bleacliiiig powder 
is inapplicable. Besides, the lithiupi bleaching powder contains lithium 
chloride ready fimned. The author therefore concludes tlurt bleaehiug 
powder is a mixture of calcium hypochlorite, calcium chloride, and cal- 
cium hydrate. (Liebig's Annalen^ ooxrv, p. 354.) 

Lead peromde can be advantageously prepared, according to Fehr- 
maan, by decomposing a concentrated solution of chloride of lead at 50^ 
or 60° O. with a solution of bleaching powder. The latter Is added un- 
til the filtrate no longer shows a brown color when tested with nn ad- 
ditional quantity of the bleaching powder. The lead i^eroxide is well 
washed and collected on a filter. It is nearly black, and very pure. 
The acetate of lead does not yield such good results as the chloride. 
{Berichte d. ehm. <7m., xt, p. 1882.) 
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Petermination of Organic Matter in Potable Water. 

Prof. J. W. ^^lallet, meonpliaDoewith tbe instructions of the National 
Board of Health, has made a thorough investigation of the chemical 
methods in use for the determination of organic matter in the potable 
wat'crs. Assisted by Mr. W. A. Noyes, Dr. Charles Smart, and Dr. J, 
A. Tanner, !ie examined tbe merits and demeritii of the "combustion 
process/' tbe "albuminoid-ammonia process," and the " perman<janato 
process." The special conelnsions as to tlie cnmbustiou process may he 
briefly stated : The combustion itself, carried out according to 1 i :uik- 
land's direct ions, is a process of fjreat delicacy and satisfactory in trained 
hands ; it r*Mj aires constant practice to secure ^j^ood results; the <ietect- 
i \ e point is tbe failure of the evaporation to leave a residue represent- 
inir till' original organic matter of tiie water, a loss in carbon and a gain 
in liitrogen being constant errors ; the dissociation of ammonia salts 
during the evaporation occasions a loss of nitrogen ; in the presence of 
nitrates the difflenUies otcombastion are great and as yet insuperable ; 
fliially, the oombnstion prooeas eranot be oonaidered as determining ^ 
the carbon and nitrogen of the organic matter in irater in a sense to 
Justify the daim of absolute " valoe for its results irhidi has been de> 
nied to those of all other methods. 

The special conelnsions as to tbe albnminoid>ammonia process are as 
follows : In the determination of both free ^ and <^ albuminoid " ammo- 
nia there is a loss resulting ihun imperfect condensation of the ammonia 
•during distillation ; when urea is present some ammonia is easily formed 
by boiling with sodium carbonate, and this vitiates the determination 
of "free" ammonia; iu the distillation withallcaline permanganates 
the nitrogenous matter sometimes fails to be completely acted upon be* 
fore the contents of the retort is nearly reduced to dryness, and great 
uncertainty results; the value of the results by this process depends 
more upon watching the progress and rate of evolution of the ammonia 
than upon determining its total amonnt. 

The special conclusions as to the i)ermanganate process are : The re- 
sults obtained by the Tidy method, and by Kubel's modification of the 
same, differ irregularly, the latter usually giving much higher figures; 
the results obtained by the Tidy process are liable to variations with 
the atmospheric temperature prevailing at the time the process is ap- 
plied ; the amount of oxygen consumed cannot be taken as a lueaaure 
either of the oiganic carbon or of the total organic matter, though a 
general resemblance may be traced between strongly mariced results, 
high or low, for the consfunption of oxygen on the one hand and incT' 
ganio carbon (bj the combustion process) on the other; the process is 
capable of giving more valuable information by watching the raU and 
progref of the oxidation of organic matter present than Xnj any single 
determination of the absolute amount of oxygen consumed in a given 
time. {Am, Ckem, J»y ly, p. 341.) 
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17m of i^MCi^ in BUuHng, 



An interesting application of the force resulting from the expausiou 
due to hydration is recorded in Nature. To obviate the danger at- 
tending the use of explosive Babstanees in ooa.1 minesy tlie following 
prooess bas been saccessfnlly em])Ioyed in Derbjahiie; A series of 
boles six feet apart and about three feet in depth are drilled intd the 
coal at the proper points; these holes are then filled with cylinders of 
oompiesaed qnicklime, each 2| inches in diameter and 4^ inches long; 
each hole receives seven of these blocks. A groove in each cylinder 
admits the Insertion of a ^inch pipe which extends a few inches beyond 
the aperture of the drilled liole ; through this pipe water is forced by a 
small hand pump. Each hole is of course firmly tamped with paper 
and nibbish. Soon aiter the water is introduced a sound as of escap- 
ing steam is heard, here and there the tamping is blown out, and in a 
few minutes the whole mass of coal is thrown out Irom the face upon 
"sprafTs," short timber ])roi)s placed to n'eoive it. The time required 
in tbo various operations is as follows: drilling 12 minutes, elfariring 
4 Hiiimtes, watering 2 minutes, total 17 minutes for each bui'e-hole. 
{ISaiurey xxvi, p. 298.) 



Formaldehyde (or oxymethylene)ha8 acquired great importance within 
a short period, the researches of Baeyer, Wurtz, and others having 
shown that it forms an intermediate product between carbonic acid 
and carbo-hydrates in tiie physiology of plant-lilb. It may be regarded 
as the first product of the assimilation of carbonic add by plants, and 
by simple iM)lymerixation and elimination of water, is probably capable 
of producing sugar, glucose, starch, and cellulose. 

B. l^Uens has described a convenient method for preparing this sub- 
stance, which is based upon the oxidation of methylalcohol by air and 
incandescent platinum. For details we refer to the original paper. 
(Beru^ d. ekm, Get., xy, p. 1629.) 

Curcumin and other Substances from Turmeric. — C. Lorinfr Jackson 
and A. E. l^leiike give the following : Bengal turmeric root is «rr< )uud and 
treated in an extracter with ligroine to remove tui uienc oil, and then 
the curcumin, mixed with a large quantity of reteiu, is extracted with 
ether and finally purified by crystallization from alcohol. The average 
yield of curcumin was 0.3 of one per cent. The mean of five analyses 
indicates the following composition; 



Curcumin crystallizes from alcohol in stout needles often in radiating 
groups. It has an orange to yellow color with s? blue reflex; its other 
solution fluoresces green; it melts ut 178^ C. It is nearly iii«oluiile in 
wKter, slightly in benzol, readily soluble in hot alcohol, and more read- 



OBOAmO 
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ilj soloble in glucial aoetio add; diesolTcd in strong sulphuric acid it 
blackens by chairing; it is readily soluble in alkalies and alkaline car- 
bonates. It forms two potassium salts H|t04aDd K C14 
as well as calcium, zinc and bariom salts, the last named beii^ir insoluble. 
By a study of the esters of curcumin the authors definitely establish C14 
Hj4 O4 as flic true formula. The results of incomplete oxidation are 
most iuterrstiiig ; by treating an aqueous alkalin*^ solntion with potas- 
sium perniaugaiiate, not in excess, n strong smell ot vauiUa wa.^ ob.served. 
Fnrtlier treatment eftected the separation of an oil, gradually solidifying^ 
in circular groii|)s of radiating needles, and having a stroii*; odor of 
vanilla. By sublimation and purification of this product, white needier 
of vanillin, melting at 78° C, were obtained. The yield was very small. 
The authors also show that diethylcurcumin yields by oxidation ethyl- 
vanillic acid. {Am. Chem. Joum.^ iv, p. 77.) 

TJtta^ iU $if«theii» aind its SsMmatim.^Featon bas snceeeded in trans- 
forming urea into i^anamide; the dehydration was effected by means 
of sodium in accordance with the reaction : 

2 0ON» H«+ 2 I^a s 2 GN, H» + 2 Na OH + H, 

Prof.W. O. Mizter bas snceeeded in forming urea by the reaction of am- 
monia on carbonic anhydride at a red heat. The urea forms slowly, 2 
to 3 dedgrams per hoar, and collects Id fine crystals in the cooler parts 
of the tube through which the gases are conducted. He regards tbe 

formation of urea, as preceded by that of cyanic acid, thus: 00^ + ^H» 
s HGNO H- H2 O. The cyanic acid probably unites with ammonia in 
the cooler part of the tube to form urea. {Am, Ohem, J*, IT, p. 35.) 

J. B. Duggan described amediAcation of Knopfs process of estimating 
urea by the amount of nitrogen evolved on the addition of an alkaline 
hypobromite. His method consists in mixing the urea and caustic soda 
solutions first ainl tben adding tlie bromine. He employs a caustic soda 
solution made by dissolving 20 grms. of sodium hydT-atc in 100 c. e. of 
water; and with eacli liO c. c. of this he uses 1 c. c. ot bromine. The re- 
sults are satisfactory. The weight of nitrogen multiplied by 2.143 gives • 
the amount of urea. {Am. Chem. J., IV, p. 47.) 

Dr. Theoiloi e G. Wormly h.as also investigated the abo\ o methotl of 
determining urea and tinds tliat only under the toUowing conditions is 
the whole of the nitrogen uniruiuily set free: Ist. The reagent (hypo- 
bromite) should be freshly prepared j 2d. The urea solution should be 
wholly added to the reagent } 3d. The amoant of urea operated upon 
should not exceed 1 part to about 1,200 parts of the diluted reagent > 
4tfa« When comparatively large amounts of urea are present the sur- 
rounding temperature should not be less than about 2Uo 0. {fildP Fab.)* 
{Chem. NetMt xly, p. 27.) 

Acrolein Urea. — Hugo Schitt' has described under the name ucr.vl<liu- 
reide, a t>o<iy resulting from the union ot two molecules ot urea and one 
of acroleioe : Prof. A. Xi. Leeds has obtained a body having the same 
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eoDstitntioDi 00 (NH), Gj H4. It fofttna a white amorpboas snbstance, 
.s1i<;htly soluble iu alcohol, ether, chloroform, and carbon-diaalphide. 
Dr. LeedH points out some irrational conclusions in Schifl''s paper, and 
acoonnts for them by presuming that Schift' operated upon imperfectly 
parified material. {BerUkte 4, ehem, Qe$,^ XY, p. 1169.) 

Syntkemff of Uric Acid. — This interestlnfj: Ryntbesis has been accoiu- 
plished by Prof. Johann Horbaczewski. Pure, finely powdered plyco- -i 
«oll (made from iiippuric acid) is mixed with ten part.s t>l pan urea (madti 
ttoTQ ammoniam cyanate) and heated in a tiaak to 200° to 230° C, until 
. the material becomes brpwrnsh-yellow and viscous. After cooling the 
mass is dissolved in ^ated potassiam liydioxidef saturated witb ammo- 
niam diloride, and preoipitated witha mixture of ammoniaoal, silver 
nitrate and magneeia mfxtare. The precipitate, which oontains the orie 
aoidfis well washed with ammonia water and treated with potassium sul- 
phide. The filtrate is then over-neutralized with hydrochloric acid and 
boiled down to a small bulk. The raw material thus obtained is purified 
by solution in potassium hydroxide, and after repeating the operation, 
the yellowish ciystalline powder is washed with alchohol, dried with 
carbon disnlphide (to remove the sulphur), and finally with ether. This 
purified material ttchibits all the properties and reactions of uric add. 
The author is engaged in a fnrther study of this synthetical reaction. 
{Beriekte d. okem. Oea, X7, p. 267&) 

• SynthcHis of a new A7nido-Acid analogous to Hippuric Acid. — By the 

action of silver glycocollate on benzoylchloride, Th. Curtins has obtained t 
three adds, ordinary hippuric add, hippurylglycocoll, and a third of un- 
known constitution having the empurical formula CioIIi, NaOf. The 
hippurylglycoooU or hippurylamidoaoetic acid crystallizes from hot 
water in rhombic tables or needles which melt without decomposition 
at 0. The new acid ciystallizes in mierosoopio needles which 
become brown when heated to 23(P, and are decomposed at 2iXP O. 
{J^nal prak. Ohm, N* jP., zxyi, p. 145.) 

Spnihesis of Tyrosine. — Tyrosine forms a crystalline nitrogenous body 
existing in the animal organism (spleen, liver, urine, &c.), produced by 
the decomposition of albuminoid substances. It hm lonjr been studied 
by chemists; Liebig obtained it by acting on decomiMJsing cu.stnie with 
melted potash, Miiller louiid it in putrefyiji^ yea.sl, liinterberger pre- 
pared it by boiling oxhorn with sulphuric acid, and its constitution has 
been discussed by several authors. In 1869 L. Barth pointed oat that 
tyrosine could be regarded as a parahydroxyphenylamidopropionio add, 
but his attempts to prepare it, as well as the proposed reactions of BeU- 
stein and KnhlbergyWereunsuccessfbl. 

Erleumeyer has been engaged fbr several years in experimenting in 
this direction, and with the assistance of Dr. A. Iiipp has at length 
accomplished this interesting synthesis* The process is as Ibllows : 
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Fhenylalanm (phenyl-<ir-amidopiopioDic aoid) is converted iDto paianitio- 
pheu jlalanin by the action of snlphorlc and nitric adds, and this product 
Is transformed into paraamidophenylalanin by means of tin and hydro- 
chloric add. The chloride of this diamido compound is treated in 
alcoholic solution with nitrous acid and the resultiug body heated witb 
water. On evaporating and treating the residue with etber a sirupy 
liquid is obtained which is probably paiahydiozyphenyUactic aeicL 
This product is supersaturated with ammonia and concentrated by 
evaporation, which gives a crystalline mass showing under the micro- 
scope the crystalline chanu tors of tyrosine. By recrystallizing from 
dilute boiling alcohol the material is purified. Analysis shows it to 
have the exact constitation of tyrosine : 



Synthe-^sis of Anthracene and Phenanthrene from Orthobrombenzi/I- 
bromide. — C. Loriug Jackson and J. Fleming White, with a view to st't- 
tling the exact constitution of anthracene, have studied the action of 
s^odiiimon orthobrouil iiinzvl broraid*e, aiul <►! stained anthracene andpheii- 
authrene.' The former waa ideutifled by iia melting poiut (2120)yby the 
formation of anthraquinone (melting at 273*^), and of alizarine; the latter 
was identified by the melting point of itsqohioney 198^, and by Lauben- 
hdmer'b test. Dibenzyl also forms in this reaction, and an oH of uncer- 
tain composition, posdbly benxyltolnoL 

By this ^yntbeds It is pcored thajb the two eouiMtiiKg earbon atoms 
In the bensol rings ave attached to mdk ring in tlie OTfho-positioii, anA 
the hist doubt abo»t <hs conatitatian of anthraoeoe isftmoTed* (dial. 
Sem, XLTE, p. 44.) 

SifiUkeiis of Organic Bodies by the JSlectrolpeis of Waier and Solv- 
Hons with EUctrodeii of Carhon. — A. Bartoli and G. Papasogli, in re^ 
senrches on galvunic ])olaritie8, had observed that coke, charcoal^ or 
graphite, under the action of the current, is disaggregated j the elec^ 
trolyte is blackoned more or less, according to its nature and that of the 
carbon, and the ga8 cvolvwl at the positive pole is belo^v the normal 
volume. The authors undertook the present investigatioii tn ascertaiD 
• what becomes of the oxygen. They experimt iited with graphite^ eefte, 
and wood charcoal, ])uritied by chlorine at high temperatures. Witli 
coke or charcoal a<s poisitive electrode and distilled water as electiAiiyte 
and a battery of 1,200 Daniell cells, they remarked after two days » 
brown color in the electrolyte and on add reaction. The battery wa» 
then lednced to 100 Bonaen cells, and ten days later to 90 Bnnami^^ 
these were in operation fi>r 90 days. The water became black ; the elMS 
trade, which weighed abont 000 grams, was totally dlsaggregated^and 
a thick maddy deposit was ibrmed. Tbe electrolyte was ftmnd to eontinis 




{Berichte d. chem. Oee,, XV, pp. 1006 and 1544.) 
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mellitio acid and some of its derivatiTee, saoh as the bydro-melliticy 

pyro-mellitic, and bydro«pyro-mellitic a<3ids. 

The muddy deposit contained a black snbstancr soluble in hot water 
smd alkalies, but insoluble in most mineral acids and in the majority of 
organic solvents. The authors named this body mellogen, sinoe^ on 
oxidation, it yields acids of the benzo-carbouic series. It has the com- 
position OuHA. {C<mpte» Renduif May 15, 1882.) 

Aeeioximi, — ^By the action of acetone on hydrozylaminy Alois Janny 
has obtained the first member of a new series of bodies, for which series 
he proposes the name of aoetozims. This name is applied to bodies 
eootainlag the gronp ONOH united on two sides to carbon. When 
only one bond of the carbon groap is united to carbon and the other 
to hydrogen, derivatives of aldehyde are formed for which the name 
aldoxims is suggested. 

The simplest body of the acetoxims is dinethylacetoxim, having the 
formula OH3 — C(NHO) — CHj. This is obtained by mixing an aqueous 
solution of hydroxylamine with acetone and extracting ether, whidi 
leaves, on evaporation, brilliant white, hard, volatile, prismatic crys- 
tals. Jt is soluble in water, alcohol, ether, &c., and melts at r.oo to 6(K> 
<3., distilling without decomposition at 134^.8 C. It is a neutral sub* 
stance, and has a slight odor, resembling chloral. 

The author lias also prepiirod and Ktudied ethyl-methylacetoxim, 
methylpseudobutylacetoxini, and some analogous phenyl derivatives* 
{Berichte d. chem. Ges.f xv, pp. 1324 and 2778.) 

Dtpkmjflaminacroleine has been prepared by- Prof. Albert B. Leeds by 

beating an alcoholic solution of diphenylamine with an excess of aero- 
leine. Alter a few lionrs' digestion a heavy red precipitate forms, soluble 
in boiling alcohol, together with a sticky insoluble mass. The latter is 
treated with alcohol and water until it becomes pulveruleyt and capa- 
ble of brill Gf ])ow<lered in a mortar. This amorphous substance proves 
to be diphenylaniiuacroleine (Oij H^oiS^), C3II4. It does not fuse nor 
sublime, but is omposed, on lieatmg, into a carbonaceous maiis. It 
is insoluble in ether, slightly soluble in alcohol aud acetic acid, and solu- 
ble in chloroform, yielding a dark red liquid. It could not be obtained 
in crystals. Bromine converts it into a bromo-compouud, also amor- 
j>hous, and not further examined. 

Sumoquinine, a new Alkaloid. — Howard and Hodgkin have obtained 
a new alkaloid from cinchona bark, for which they propose the name 

homoquinine. Its properties are similar to those of quinine, having the 
same speeitie rotary power, and iioarly the same composition, but it 
crystallizes from ether more readily, ami differs in the solubility of its 
salts. One part of the sulphate of liomoquuiiue requires more than 100 
of water for solution. Alcohol ol 00 i>er cent, dissolves 7.64 parts of 
the alkaloid, a 5 ])er cent, solution of which shows a rototion of — 158<^, 
{J. Chan. iSov.j XLi, x>. 00.) • 
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Iodide of Biamuik and fioiaMakm m a Seagenifor Alkaloidi^V. Man- 

gmi prepares this reagent by mixing 3 parts of iodide of potassium with 
16 of iodide of bismuth (liquid) and 3 parts of hydrochloric acid. Thus 
pxei^arod it is not decomjiosed by water and jj^ves characteristic phe- 
nomena with many alkaloids. 

Strychnine, a light-yollow precipitate, limind Kolntioo; aftor stand- 
ing the precipitate turn s fUirk yellow. One part of strychnine in 500,00(1 
of water can be detected. 

Bnu'iTie, a golden-yellow silky ])recipitate becoming lighter in color. 

l\Iori)liine, a reddish-yellow precipitate disappearing after some days, 
when the liquid becomes canary-yellow. 

Codeine, a yellowish-red i^recipitate turning brick-red on standing. 

Narc^ine, a light-yellow precipitate remaining a long time suspended 
in the liquid ; it turns reddish-yellow on standing. 

Atropine, a silky precipitate, which settles as a reddish-yellow powder; 
on standing the precipitate turns canary -yellow and slowly di88<4ve8» 
coloring the liquid golden yellow. 

Aconitine, a flaky precipitate, which settles as a chrome-yellow pow- 
der; no change on standing. 

Nicotine, a red pulverulent precipitate, beeoming reddish-yellow. 

Conlcine, a red pulverulent precipitate of a more Intense color than 
the preceding, and becoming dirty white on standing. 

Solanine, a golden^yellow precipitate forming slowly, and turning 
darker. 

Vera trine, a light-yellow precipitate, turning lighter. 

Quinine sulphate, a brick-red precipitate, turning dirty white. 

Ginchonine sulphate, like the preceding, but darker after standing. 
{Oazzetta Chimica Italianay 1882, p. 165, and ab8tractinifi»{l.iSm}. Ohim,^ 
XXXYUI, p. 070.) 

Application of Eleelrolysis to Dyeing. — Dr. Frederic ( jopjielsroeder, of 
Miihlhausen, has extended the application of electrolysis to the form- 
ation of coloring matters and to the art of dyeing. He has employe<l 
the galvanic carrent in producing and simultaneously fixing dyes on 
various textile fabrics, in preventing the oxidation of colors during the 
printing, and in preparing solutions of reduced dye-stufTs, the so-called 
blue-vats. lo obtain, for example, an aniline black on a fabric or on 
paper, the stuff is soaked in an aqueous solution of a salt of aniline (the 
chloride is preferred), and then placed on an unoxidizable metallic plate 
connected with one pole of a gidvanic battery or with a small dynamo 
machine. A second metallic plate, bearing In relief the design and con- 
nected with the other pole, is then placed upon the stuff. By pressing 
p:oiit1y and passing the current of electricity a black design is formed. 
Medals and coins may be copied in a similar manner. By drawing lines 
on the paper or fabric impregnated with the andine salt, with a piece of 
carbon forming one of the poles, or with a non-oxidizuble metal, black 
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lines are obtuoed wbecever thepresenoe of the eondacting carbon per- 
mits the passage of electricity. 

Hydrogen generated at the negative pole may be employed instead 
*)f zinc, forrons sulphate, glucose, hydrosulphitc, and the other commoa 
agents, to reduce baths of indigo, of aniline black. iSrt;. A feeble contin- 
uous current gives the best results. The two electrodes must be sep- 
arated completely. Dr. Goppelsroe<l( i expresses tiie hope that bis cx- 
I>erimeuts may eventually become of industrial iiujmrtance. (Eephnted 
tiom V Ulectricien, and communicated by the author.) 

Method and Apparatus for Testing Tnjlammahle OiU. — In accordance 
XV ith the instructionB of the New York State Board of Health to its san- 
itary committee, and in response to an order of said committee, Arthur 
B. Elliott has made an exhaustive report on the methods and apparatUB 
for testing inflammable oils, with siJecial reference to dangerous kero- 
sene. The investigations were Ttcule with the ultimate intention of es- 
tablishing a standard for testing petroleum in New York State. Mr. 
Klliott examined thirteen kinds of testers, including three open testei^s, 
;nul some electric testers, and exjierimented with four dilTerent samples 
oil on each apparatus. His tests show that it is very important to 
K now wliK li apparatus lias been used when an oil is said to have a given 
Ua.shin^ puint. One of the oils «lio\s ed a ran^e of temperature from 95<^ 
to i'\ The general conclusions to which ISIr. Elliott comes are briefly 
;\s follows: Of all the 13 apparatuses not one can be called perfectly 
satisfactory J open testers are entirely untrustworthy for determining 
the safety of kerosene oil,* of the closed testers the Wisoousiti State 
tester, with a few alterations suggested by the aathor, gives the most 
reliable results. The electric testers are troublesome to keep in order* 
{Seamd Awmil Beport of the State Board of Health of Now Yorkj Albany , 
im^ p. 449.) 

*^ BemoV or Benzene a Question in ]S^omcnclaturc. — Attention is 
being directed to the necessity of greater uniformity in nomenclature, 
e8|>eeially as regards the important hydrocarbons CgHe and CioHg. Ger- 
man, French, and most American chemists designate by the name 
boMml (sometimes spelled with a superfluons final c)^ while JBuglish chem- 
ists use the term beimne; in like manner continental chemists name 
CwH«,fMpft<Mlii, and Englishmen call it naphthalene* 

A fewyeais ago the London Chemical Society issued a siz«page pam- 
phlet* to its corps of abstractors giving rules of nomendatare and nota> 
tioii,and this has materially aided in securing uniformity. In preparing a 
paiMir for the Berichte der deutschen chemhchen Gesellscluift^ on the "Laws 
of Substitution in the Naphthalene Series," Prof. Henry E. Armstrong, 
«f the Loudon Institution, employed the customary English terms, and 
desired the publication committee to refrain from changing them. Thiti 
led to correspondence which is published in the Beri^te (vol. XT, p* 

* Reprinted in Chmktl K«w$ ilS8'A), vol. xlvu, p. IS. 
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200). Professor Armstrong objects to the termmation ol for hydrocar- 
bons not of the paraffin series, aud would restrict it to the alcohols — 
<jarbinol, phenol, &c. He calls attention to the confusion which results 
fh)m the terms "ethylene," "anthmceue,'' "phenanthreue,'- on the one 
hand, and "benzol," "toluol," ;itk1 "iiaphtbalin" on the other; and he 
expresses tbe linpe tliat the Gt i man Chemical Society may unite with 
the Loudon orgauizalion in attempting- a uniform nomenclature. The 
publication comoiittee of the Berichte approved oi an exchange of views 
on the question. 

American chemists are vitally interested, for in this country the oc- 
currence of the x>etroleum product called benzine coiiiplicates the mat- 
ter. While the Eugliiih custom has much in its favor, the similarity in 
prouunicatiou of benzine" and benzene" leads many Amerioans to 
follow tlie eontinental tOmiinology. Gonsistene^ is eminently desirable. 
It will be Interesting to. wateh the result of tlie movement. 

The Beridtte d, oAmi. On* for 1882 contains articles on the nomen- 
clature of special gronps. We refer to Herrmann on the nomendatore 
of azo-componnds (p. 813), and to Wallaoh's paper on the same subjeoti 
liiebig's Annalen also has a paper, by Ang. Bemthsen, on tlie nomencia- 
tnre of derivatiTes of carbonic add. (Uebig's Aiiiuil^ ooxi, p. 85.) 

NOTES. 

Bhuk photpkorua is formed, according to Manmen^, when pbospboms 
is distilled in hydrogen (made from zinc and snlpbnric acid), and not 
formed when the distillation is conducted in carbonic anhydride. The 
black color soon disappears. 

Lecture experiment. — H. Schwarz finds that zinc dost and solphnr, 
when intimately mixed, combine with very great energy, and the experi- 
ment is more brilliant and interesting tlian the usual one with iron fil^ 
in ga (or copper tamings) and sulphur. The best proportions are two 
parts l»y weight of zinc and one of 8nl])hnr. The mixture itiflames also 
when >struek heavily by a hamnK-r. and when ignited in a confnied space 
(gun-barrel) explodes with about one-fourth the enerjjy of ^i^uiipowder. 

The rare mefal rajiadium occurs in lar<^e ijuantity, accordin*;^ to Witz 
and Osmoud, in the residues of the irou furnaees of Oeusot, and they 
deRcribe a process for extracting it on a large scale with a view to its 
industrial applications. 

Solid parajfine has been discovered by Silvestri in basalt. It occurs 
in cavities about a centimeter in diameter, and is nearly identical 
the paraf&no occurring in petroleum. 

Beml^sen has discussed the unsatisfactory nomenclature of the iso- 
meric sulpho-derivatives of carbonic add, and proposes to call the radi- 
cal srGssS thuhcarboniflf and to name the adds tbio-carbonyl adds. In 
like manner we may have for bCsKH imido carbonyl and dmilar de- 
rivatives: 

Pkosphate of chromium^ prepared by the action of phosphoric acid and 
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sodium liyposulphiteoD cbroioates of the alkalies, Ibrms a fine green pig- 
ment, Tvhich is proposed by Ad. Oarnot as a substitute for the iiyarioas 
arsenical and cupriferons colors. 

Paul Sabatier has published ii note claiming priority over A. CoUou 
in the discovery of the sylphides of silicium. Si S, and Si SO. 

Constantiiic Falilberg has pat^nttni a process for preparing sulphate 
of aluminium free of iron for the mineral bauxite. The essential poiut 
in the method is the use of h'ad peroxide for the removal of the iron; 
the leiid compound beiu'; aliei wards recovered in a very simple maiiiit r. 

Ilautefeuille and Chappui** have studied the formation of pernitric 
oxide, and assign to it the formula NjOe. 

OaUIetet has obtained a crystalline hydrate of phosphoretted hydro- 
gen by strongly compressing the gas in the presence of water and then 
saddenly decreasing the pressure. Hydrates of ammonia and of snl> 
phnreted hydrogen have also been obtained by ^is method. 

WroblewsM, by a somewhat similar method, has obtained a solid crys- 
talline hydrate of carbonic anhydride, Co% SH^O. 

In a letter to If atore, O. F. Bodwell revives the controversy concern- 
ing the relative claims of Lavoisier and of Priestley to the discovery of 
oiygen. Rodwell endeavors to give the greater honor to Lavoisier. 

MydroxyloMine is found by G. Bertoni and C. Raimondi to be an act- 
ive poison when injected into the blood. Less than 0.2 gram killed a 
medium-sized dog. It also exerts a poisonous effect when introduced 
into tlie stomach or under the skin. The bloo<^l assumes a chocolate 
color and yields on dialysis nitrous acid, an oxidation product of hydro- 
zylumiue. 

Tico neic antiseptics^ calcium- and sodium-glj'cero borates, have been 
announced by G. Le Bon, and exin'rimenis prove their utility. They 
ai'e odorless and without injurious a<'tion on tlit* most delicate tissues. 

The discovery of hydrogen ^ Is Hi, claimed by Maumen<^, has bet n <!• nied 
by Rcvcral chemists who repeated the i)rocess (action of potassium per- 
maiigaiiatc on ammonium oxalate) and obtaim ti nt-^ause results. 

Bromo -sulphide of carbon has been discovered by Carl Hell and Fr. 
Urech. It Is obtained by the direct action of bromine on carbon di- 
snlphide, and forms small brilliant prismatic crystals having the com- 
position GtSaBra. 

SoM^s/utible alloy has been prepared by W. Spring by snlyecting the 
constituents (lead, bismuth, and tin) in their proper proportion, toenor* 
mous pressnre. Wood's alloy, melting at 65<> O. can be obtained in a 
similar manner. The pressure employed was 7,600 atmospheres. 

MffkMt uraniumj according to Ziuimerinann, forms a silver-white, 
somewhat malleable metal, very hard, but seratchetl by steel. It has 
a specific gravity of 18.7. It burns with brilliant lijj:ht Mid scintil- 
lations, forming a bulky oxide. It is slowly attacked by warm nitric 
acid and by sulphuric acid, and readily ilissolves in hydrochloric. 

The Royal Society awardeil the Da^'y medal (iu duplicate) to li. Men- . 
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delejeff and to Lothftr Meyer for tbeir disooTery of the periodic relations 
of tbe atomic weights. This has drawn oat a protest from John A. fi. 
Kewland8» of London, who chdms priority in the publication of the peri- 
odic law, and who prodooes evidences of his assertion. {Okem, JiTewif 

46, 278.) 

The French Academy of Sciences offer the new Volta prize of 60,000 
francB to the author of the discovery which shall enable electricity to 
be applied economically in one of the following directions: as a source 
of heat, of liglit, of chemical action, of mechanical power; as a rneans 
of the transmission of intelligence, or of the treatment of disease* 
Competition is open until June 30, 1887, to scientitlc men of all nations, 
and the award will lio decided in December, 1887. 

The German Chemical ^Society is in a very flourishing condition. At 
the close of 188** it numbered 2,527 members, of whom 16 are honorary 
and -G3 associate membere. The Berichte, published annually by the 
society, forms one of the most important of chemical jom nulis ; the two 
volumes issued in 18S1 comprise over 3,000 pages, and the volumes for 
1882 attain about the same size. The total income of tbe society for 
1882 amounted to 58^7 marks, and the expenses for the same period 
were 44,607 marks. 

^€erolo0y«— During the year 1882 the deaths of many eminent chem« 
ists were recorded. Among them may be mentioned : Dr. John W. 
Draper, of Kew York| Dr. Henry Draper, of New York; Prof. Will- 
iam B. Rogers, of Boston; Dr. Jidm SienlM>iiBe, of Manchester; Prot 
Budolph Bottger, of Frankfort; Dr. Lndwig Feder, of Manlch; ProfL 
A. Pcpoff, of Warsaw ; Prof. Friedrioh Wdhler, of OdttingeiL 
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a£N£&AL Al^D PHYSICAL. 

^on9iiU VorloMUty of <ft« Xair of Jkfiii^ PraponifMi«.^-Qne of the 
most intevesting salnjeeto diacPHnod daring the jwt (1883) oooeenis fhe 
fiindamental oonceptions of ehemical pbiloaophy. The whole super- 
structure of modern chemistry rests upon the atomic theory <aTu! oa the 
absolute charaoter of that functiou of an element which we call atomic 
weight; hence, any proposition to throw discredit on these conceptions 
may well be regarded as revolutionary. The discussion was introduced 
by Prof. Adolph Wurtz, who presented to the fhdSM chimiqne de Paris 
a summary of the views of Boutlerow; these were eTny>bati>'<i]!y in 
dorsed by Schntzenberger, and have since eli( it< d a commanicatioA from 
Prof. Joaiah P. Cooke, jr., of Harvard College. 

fcjcbutzeuberger announced in 1880 or 1881 that in analyzing' some hy. 
drocarbons the sum of the carbon and hydrogen was lOJ tor 100 parts 
of material, the result under other coudit ions being normal. Bontlerow 
has called attention to this anomaly as illu.strating views lio ]jas held 
for three years. He expresses thQ opinion that the chemical value of 
a constant weight (or rather mass) of a snbatance may vary, and that 
the ao-c&ned atomic weight of an element may be almply the carrier of 
a certain amoant of chemical energy which is variable within narrow 
limits. He farther asks the qnestion whether Front's hypothesis may 
not be a trae law which, like that of HariottOi admits of a limited varia- 
tion. Nnmerons fiiots are dted, chiefly the resnlts of quantitative anal- 
yses, which seem to confirm these views. If sncfa views prevail, chemi- 
cal.combination can no longer be regarded as the juxtaposition of the 
definite invariable masses we call atonts, bnt must be considered as the 
reciprocal satoration or interpenetration of masses which may vary with 
the relative strength of their chemical energj' acting at the time. 
SchUtzenberger, who took part in the discuHHioii, enumerated many 
&ct8 which led him to tbecondnsion that the law of definite proportions 
is not so absolute as generally supposed. We have space but for a 
single example : When water ia synthesized hy reduction of a known 
weight of UuO, by weighing the redaoed copper and the water formed, 

\ 
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it 10 foand that the ratio of O to TT is not constant, but varies with the 
state of division and of sataration of the oxide, the dnnition of contact 
of the water formed with the oxide and with the temperature, from 7.95 
to 8.15. The latter vahie is obtained with a saturated and divided oxido 
tilling the tube; the former, with oxide in lumps filling tlie tube for a 
space of 25 ceotimeters. With a larger empty space the ratio has fal- 
len to 7.90. 

Prof. Josiah P. Cooke, jr., calls atieutiou to the fact that he expressed 
similar views and fully worked them oat more than twenty-five years 
ago. He quotes from his i)aper on '*Two new crystalline compounds 
of zinc and antimony, and on the cause of the vai i.ilion of compoHition 
ol>8erved in their crystals," published in the Memoirs of the American 
Academy of Arts and »3cieuces in 1855 (new series, vol. v., p. 337). 
He also refers to a paper published in the American Jcmnial of Scteuce 
(06oond series, xx, 1855) entitled **On an apparent perturbation of tfae 
law of definite proportions observed in the compoonds of zinc and anti- 
mony." In these papers the opinions now under discnssion were 
brought forward, not simply as speoolations, but as a legitimate tfaeoiy 
advanced to explain the fiiets observed in his investigations. Professor 
Oooke shows that as long since as 185.1 he questioned the absolute 
character of the law of definite proportions; he then suggested that the 
variation is due to the very weak affinity between elements nmnifestittg 
a fluctuating composition ; and he wrote at that timCi To what ^tent 
this ^rturbatiott of the law of definite proportions prevails among 
chemical compounds future investigation must determine. There are, 
however, a number of facts whicli tend to prove that it is very general 
whenever chemical affinity is weak." Professor Cooke fully substanti- 
ates bis claim to priority, and then proceeds to consider whether the 
progress of chemistry since 1855 has tended to continn or to invalidate 
these views. He says, in conclusion, that he •* feels that the weight of 
evidence is at present in favor of the atomic theory, and of that abso- 
lute definiteness of combining proportions which this theory involves j ^ 
yet at the same time he "is very glad that the whole question" is 
again open to discussion. "But, althou^^b jt must be admitte<l that the 
atomic theory is the only basis on which a consistent philosophy of 
chemistry can at present be built,'' Professor Cooke confesses that 
<'he is rather drawn to that view of nature which refers alt diflbrencea 
between substances to dynamical causes, and which regards the atomic 
theory as only a temporary expedient for representing the &ctB of 
chemistry to the mind." {Am. J. 8ei, (3), xm, 63 and 310.) 

Atomic Weight DetermiuiUions, 

IHdifminm.^Ow'ms to the dlserepancies in the existing figures for 
the atomic weight of didymium, B. Branner has re-ezamined the sub- 
ject. Oleve had previously assigned the figures 147.2, and Branner 
himself had found The latter undertook experiments to decide 
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which of the numbers represents, or n>ore nearly approaches, the tnio 
atomic weight, and to ascertain wliether pure didymiuin is a homoge- 
neous body, or whether it can be si)lit ui* into heterogeneous constit- 
uents, as has been proved to be the case with several uietals of the 
rare earths. Bimmer foand by his new experiments Di = 145.42. This 
aamber differs mach ftom that previously obtained by Braaner, who 
• believes the discrepancy dae to the elimination of an element of a 
higher atomic weight and of a less basic natoie than didyminm. This 
proved to be samariam, g, v. {J, Ohm, Soe^ 1883, 278.) 

P. T. Oleve has also examined this question, and having eliminated 
foreign bodies by fractional precipitation he obtained the valae Bi » 
142.33, when O = 16. He had pievioosly obtained (in 1874) Di a 147.2^ 
bat he attribates the discrepancy to the presence of the then nnknown 
element samarinm. {BulL moo* ekem^ xxxix, 289.) 

Samariuin. — Brauner, iu the course of his researches into the atomic 
weight of didyminm, investigated the atomic weight of samarium, and 
assigns to it the value 150.7. (J. Chem. Soc.j 1883, 278.) 

P, T. Oleve has also determined the atomic weight of samaiium by 
converting the pare oxide SmaOj into the sulphate, and obtained from 
six closely agreeing experiments the valne 160.<I21, or, in round number^ 
ISO. Oleve thinks samarinm entitled to fill the eighth line, eighth 
group of Mendel^ff's Periodic System. (J. Okem. 8oe., 1883, 862.) 

Lfinthanum. — Iti ^^^74 P. T. Cleve found the atomic weijjht of La=139., 
figures which a<:i( ed well with determinations by Mariguac and Brau- 
ner. More r(M t lit investij^al loiis by Branner led to the value 138.28, and 
bis researches seemed to denole the existence of a foreign oxide accom- 
panying the lanthaniuu. Cleve liimself was at one tiim- inclined to ad- 
mit the existence of such a subbtauce by the observation of a blue ray 
{I = 43.'33.r») in the spectrum of the fractions intermediate between lau- 
thammi iiii<t didymiumj but this ray proved to belong to lanthanum. 
To decide the question of the existence of this hypothetical body between 
La and Dd, Oleve submitted mixtotes to seTeral series of partial precipi- 
tations by dilute ammonia. His results give for La 138.019 (O = 15.9633). 
They also show that La is not split up, but is a homogeneous body. 
' {ButL §00, diom.^ xzxiz, 151.) 

Yttrium has again been examined by I'. T. Cleve, who effected a more 
complete separation froni terbium by pr* (•i[)itatiTif: tlie ncid solution of 
the nitrate by means of oxalic acid. In the siu c f ssis c fractions thus 
obtained Cleve determined the atomic wei;:lit, \\ liichiie places at 89.02 
for Y'", when 0=16. JJeterminations by the same author in lS72gave 
him 89.485. {Comj^tes rondM^ December 11, 1882.) 

morimm has been le-examined by L. F. Nilsoo, who determined its 
spedflc heat, and thenoe estimates the atomic weight at 232.4 ibr tfa'^ 
{Oow^ptn rmtdutf xon, p. 346.) 
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JAthium. — !>. Tommafii, on purely- theorotical gionnds, thinks the ato- 
mie weight of Lithinm id its eonipounds is doable tiiat which it poRseeses 
in a free state. He proposes for lithinm chloride the fonnnla LiOlt, 
bringlDg the metal into the fomily groap Ba, 8r, and Ca, with wbieh, 
in its oomponnds, it certainly bears many analogies. {ComoBf Ui mtm- 
d€$f No. 2, 1883.) 

Glucinum. — (letermiuiiig anew the specific heat of Uiitallic gluci- 
num, Dr. T. 8. Humpidge obtained the figarea 0.4455^ and this gives 
an atomic weight =13.65 iDstead of 9,1, as nsoally assigned. {Ohem. 
JITetra, ZLTII, 181.) 

Hnmpidge's resoltshavebeen qaestioned by Dr. J. Bmerson BeynoldSy 
who shows that the material used by Humpidge was less pore than that 
nsed by Messrs. Nilson and Petterson. He thinks that the weight of eyi' 
dence is in fttvor of the value 9.2 for the atomic weight, the metal being 
a dyad, ^o this criticism, however, Dr. Humpidge replies in a third 
article, maintaining the parity of the material need and rejecting Bey- 
Bolds^ views as to the valence of the element. ( Ckem, JTetM, XLvn, p.297.) 

lUanium. — The atomic weight of titanium has been carefully revised 
by Prof. T. E. Thorpe, who obtained as a mean of nineteen determina- 
tions Tis48.00. {Ohem, Ifrnty XLVin, 251.) 

Mnngaiu'ne. — l^rofessors James Dewar and Alexander Scott, of Cam- 
bridge, Eng:iand, have redeterriiiued the atomic weight of manganese, 
and (}ht;iiu as a mean of exjit i inuMits the value 55.038 when O = 

10 and Ag = 107.93. i'h*^ inetiKHlN t'lintloyed were the reduction of sil- 
ver permanganate by hydrogen (which, huwever, was unsatisiauttjry), 
and the redu(;tion of the same salt by Hulphurous acid, sodium tormate, 
or potassium nitrite, and subsequent titration of the silver with dilute 
potassium bromide. {Chem. JS'tu-s, xl,vij, 98.) 

Marignac has also redetermined this constant, obtmning Mn 55.07. 
{Archivea de» 8ci, phys, not, (3), x, 5.) 

Antimony. — Bongartz has recently estimated anew the atomic weight 
of antimony by the method proposed by Classen. The average of twelve 
experiments was 120.103, which very closely approximates the results of 
Schneider and of Cooke. {Ber, d. ohem, Qes*, xvi, 1^42.) 

AddUional jRedetermhwUtmi tf AUmie Weiffhtt, 

Nickel : Ni=68.75 by Baubigny. {Comptcs rendus^ xcvii, 951.) 

Copper: Cn=63.46, by Ikiubigny. {Compter rouJvH, xcvil, 006.) 

Tellurium : Te — 125.0 by Branner. {Ber. d. chem. Ge.s.j XVI, 3055.) 

Bismuth : I>i ^UOS.k; by Mangnuc. (.1 rcliivcfi (ie^t sci. phya. nat. (3), x, 
5.) Also by Lowe, who obtained Bi=li07.33. {2i€it4tchr. anal, Chem,^ 
XXII, 489.) 

Zioo : Zns=65.291i7 Marignac. ( Archives dt» 9d, phys. nat. (3), x, 5.) 
Magnesinm: HgaB24.37 by Marignac. {Ar^4w9 <fot mi. phya, nat 
(3), X, 6.) 
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AUmie Weigktt of the BImmtB. 

Lofhar Meyer and K. Seubert have published a recalculaiiou of tbe 
atomic weights of the elemeiit.s I'roiii the origiui^l numbers. The values 
obtained ditfer but little from those previously published by F. W. Clarke 
(ConsUiHtt of Nature^ Part Y), tbough they are not all identical. The 
following table may be nseftally reprinted bere, since it contains most 
reliable figuree. All valnea whose possible error lies between 0.01 and 
OJS H are denoted by (a). 



Name. 



Aluminium .....p.... Al 

Autimony 8b 

Araenle As 

Barium Ba 

Ueryllium < Bo 



Symbol. 



Bismuth. 
Boron 

Bronrino ....< 
Cadmium.. .. 
Caesium ..... 
Cateinm 

Carbon 

Corium 

Chlorine 

Chromium . . . 
Cobalt .... 

Coi)J><T 

Decipium.... 
DidyrolQin... 

Erbium 

Fhioriue 

Gallium 

Gold 

Hydrogen ... 
Indium ...... 

Iodine 

MAlvm ..... 

Iron 

Lanthanum . 

Lead 

Lithium.. ... 
Magnesium .. 
ManganeM 
Mercuiy ..... 
Molybdenam 
Mosandrium 
Nickel 



Hi 
B 
Br 

Cd 

Cs 

Ca 

C 

Ce 

CI 

Cr 

Co 

Cu 

Dp 

Di 

£ 

F 

Ga 

An 

H 

In 

I 

Ir 

Fo 

La 

Pb 

Li 

Mg 
Mn 

Hg 
Mo 

Mh 
Ni 



(a) 27.04 
119.6 

(fl) 74.9 

(a)i:u;. Ni 
(a) o.oe 

207. f) 
(a) 10.9 
(a) 79.76 
(0)111.7 
(a)i:W.7 
(a) 39.91 
(a) 11.97 

141.2 
(o) Xi.tn 
52.46 
58.6 
(a) 63.18 

14t). 0 
166 
(a) 19.06 
69.9 
196.8 
(a) 1.00 
(a) 113. 4 
(0)126.54 
(a) 192. 5 
(a) .•V5.88 

138.5 
(a) 206. 39 
(«) 7,01 
tS.M 
54.8 
(a)199.ti 
(a) 96.9 
T 

(a) 5H.6 



Name. 



Niobium w Coluih> 
bium ............. 

Nitrogen 

Norwegium 

Osmium 

Oxyg«'u 

Palladium 

Phoq>boni8 

Plntiuiim 

Potawiium 

Hliodiiim , 

Kubidium 

Hutbeuium 

Samarium , 

Scandiom , 

Seleniam , 

Silicon 

Silver 

SiHliam 

Strontium 

Snlpbur 

Tantalum 

TeUorinm 

Tierbfum 

Tballinm ............ 

Thorium , 

Thallom 

Tin , 

Titanium 

Uranium , 

Vsnadinm 

Wolfram (Tnngsteu). 
Ya and Y/J 
Ytterbium . .......... 

Tttrivm 

Zine 

Zirooninm , 



SymboL 



Nb 
N 

K« 
Os 

O 

Pd 

P 

Pt 

K 

Rb 

Rb 

Rn 

Sa 

8c 

8e 

81 

Ag 
Na 
Sr 

S 

Ta 

To 

Tb 

Tl 

Th 

Tia 

8n 

Ti 

U 

V 

w 

Yb 
Y 
Zn 
Zr 



Atomic 
weight. 



(«) 



93.7 
14. 01 
T 

195 

(a) m.m 

10(i.2 
(a) 30.90 
(a)lM.3 
(a) 39.03 

1U4. 1 
(a) h:..2 

103.5 
*t 

(o) 43.97 
78.t«7 
».0 

(a)107.r<; 
la) 22.995 
(a) 87. S 
(a) 31.99 
182 
1 127.7 
f 

203.7 
231.90 
f 

117.36 

50.25 
239.8 
(a) 51.1 
(a) 183. 6 

172.6 
80.6 
64.88 
90L4 



*>86e dslenninstlon in preoeding pages. 
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Experiments at remarkahl}/ low Tempo atnres ; Solidification of Alco- 
hol and of Nitrofje?!. — Tlic loii}^-recogni/AHl distinction between eoinlensi- 
ble vajwi'M and permanent ^ases was forever abolished in Decern Imt, 
1877, by the memorable experiments ol Messrs. Cailletet and Ilaoid Pic- 
tet. Tliefec. gentlemen, working; independently and witii ditlercnt ap- 
pliances, succeeded, il will be n inenibered, in liijuelying oxygen, nitio- 
geu, and eveu hydrogen, iu glass tubes. JSince that date IS. VV'roblewski 
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and K. Olasewski have taken op tbe stady of the liqnefketion of gaaes 
with great ancoeas. In 1862 Oailletet bad recommended liquefied ethy- 
lene aa a meana of prodncing intenae cold; thia liquid at the normal 
preaanre boila at — IQ5^ C. Having compressed oxygen in a tobe, and 
i'ooledit by meana of liquid ethylene to — 105°, Cailletet observed, when 
8ome of the gas was allowed to escape, "a tiiinnltuoas ebullition which 
, lusted for an appreciable time and resembled the projection of a liquid 
into til*' roolrd portion of tlio tube,^but the liquid and pis could not be 
M']):n iTcd. I'y means of a new apparatus, tin- Ausstrian chemists sub- 
jected com p. Ml lively larfje amounts of ijas to a piessureof several luin- 
dred atnios|ili( n s. and thereby ol)t;ii m il i^onR' remarkably low tciiqii ra 
tures; cailMjii liisuipliide and akoliol were sol id i tied, and oxyp'ii was 
easily and comjiletely liquefied. By allowinj!: the liquefied ethylene to 
boil in a vacuum a temperature of — 136<^ was obtained, as determined 
by the hydrogen thermometer. Oxygen begins to liquefy at a pressure 
of 26.5 atmospheres and a temperature of — 131. C^, and forms a colorless 
tranaparent liquid, very mobile, and yielding a sharp meniacna. Carbon 
dianlphide fireezea at about — 1US9 ; alcohol becomes riacoua like oil at 
about — ^1290, and aolidlflea to a white maaa at — ldOJS^» 

Theae reaulta were communicated to tbe French Academy of Sdencea 
early in tbe year and on the laat day of the aame year Wroblewaki 
announced the following additional reanlta. 

Having succeeded in obtaining liquefied oxygen in large quantity he 
employed it aa a refHgerating agent. When liquid oxygen is auddenly 
allowed to evaporate by release of the pressure it does not solidify like 
carbon dioxide, but it leaves a crj'stalline residue on the bottom of the 
apparatus. Whether this is crystallized oxygen or not, Wroblewaki 
waa unable to determine. In attempting to measure the tem]>erature of 
oxygen in a state of ebnllition he maile use of a thermo-electric method 
which admits of tlie registration of all the suddeu changes of tempera- 
inre of the medium ;i ml is also very sensitive. Wroblewski gives the 
tt inperatnre of —18*! ( . as the first approximation to the temperature 
juoduced by the siKldeu reicatie fro n 1 pressure of iKpietied oxygen." By 
^ubmittiug nitrogen to this low tenijicrature, the compressed gas allowed 
to expand a little solidifies and ^* fails like snow in crystals of remarka- 
ble size." 

Experiments of this character demaiid great resources and arc not 
devoid of danger. Wroblewski states that since the apparatus is partly 
constructed of glass great inconvenience is caused by the constant dan- 
ger of aerioua exploaiona, and having experienced several accidents he 
and hia aaaiatanta always work with maaka before their fiicea. ( Compten 
readitfi xcvi, 1140 nq. Also, abatracta in Am, Ohm, Jomm., v. 
146, and Ohem, New$, XLix, 13.) 

Badiani yfaffrr Specfroscniyy^ rr new Methofl of Spectrum Anohf^if*. — 
William Crookes gave the Bakeriau Lecture before the Boyal Society 
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OD May 31, 1888, uuder the above title, and presented a novel and re- 
markable extension of inyestigatiODS iato the phenomena of radiant 
matter with wbieh his name is identified. 

Many snbstances wben strack by the molecular discharge froui tbe 
negative pok» in a highly exhau8te<l tube emit pliosi)lioroscpnt light, 
8ome faintly and others with great intensity. On oxaminiug the emitted 
light iti thf"! spoctroscoi>e most bodies gave a faint continuous spertrmu, 
and wore rarely the spectrum of the phosphorescent lifxht is discou- 
linuons. Especial attention has been directed n. tlic letter phenomenon. 
Alter a long and laborious search for an uuknowji substance which gave 
under the above conditions a bright citron colored band or line, Crookes 
found it belonged to yttrium. In the course of his investigations he 
• worked u]) 10 pounds of North Carolina zircons, 2 pounds of orangite 
and thorite and about lo pounds of North Carolina samarskite, review- 
ing the characteristics of all the rare earths known to exist in these min- 
erals and those awaiting conftmadon. Orookes finally narrowed tlie 
elusive sabstanee down to yttrium, the spectrum of which in a radiant 
matter tube is very beautifiil, consisting of an intensely brilliant citron 
band and two bright green bands together with fainter lines not eharac- 
teristio. Tbe best resalts are obtained with the sulphate; pure yttria 
preeipitated by ammonia does not pbosphoreeoe in the slightest degree* 

The extraordinary delicacy of this new teet ibr yttrium is such that 
the element was detected when present in one-millionth part. Crookee 
found in pink coral 1 part of yttrium in 200 parts; strontianite oontains 
1 in 500 ; calcite 1 in 10,000; ox bone 1 in 10,000 ; an earthy meteorite 
1 in 100,000 ; and tobacco ash 1 part in 1,000,000. The wide distribution 
of yttrium is notable. {Chem, Netn, XhYn^ 201.) « . t 

Relation beticeen the Composition and Absorption tipectra of Organic 
Fodiet, — Gerhard Kriiss and S. (Economides have examined the ab- 
sorption spectra of indigo and its methyl, ethyl, nitro and amido de- 
rivatives, with a view to determining the relation between cAemieal 
eomposition and absorption spectra. They oonolnde that the introdno- 
tion of methyl, oxymethyl, ethyl, and bromine in tbe plaoe of an atom 
of hydrogen moves tiie absorption bands to the less lefirangible end of 
the speetrum, and the introduotion of the nitro and amido groups has 
an opposite eflbet. The apparatus employed was the universal speo^ 
trosoope, by A. Kriiss of Hanover, having fine adjustments. {Ber, d. 
iihem, <?et., zn, 2061.) 

nfOBOAifia 

Boron. — The substances obiaiiied by the action of alnmininni on boric 
acid at a very liigli temperature have been variously described by 
chemists; Deville and NViihler obtained yellowish or reddish regular 
octahedra, containing variable proportions of carbon and of alumin- 
ium, together with lostrons blaek scales or plates containing 2.4 per 
cent, cariion. On the other hand, Hampe assigned to the blaek erystal- 
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line plates the fonntila AI Be and to the yellow octahedra the formnla 
OjAl2Bj4. These discrepancies have led to an examination of the sub- 
ject by A. Joly, who states that at the elevated temperature used by 
Deville and Wobler only very small (piantitiesof the large black i>late8 
were obtained, but at a lower temperature, with small (luantities of 
material, smaller black crystals united to the yellow oues are formed. 
It is this substance that Deville and Wiihler probably analyzed, wLilo 
llampe reduced boric acid in clay enieibles at a much lower temper- 
ature and obtained large black crystals containing but little carbon. 
Joly also finds that the yellow crystals AlBe dissolve readily in boiling 
nitrie aeid without a residne, but tiho brown or black crystals obtained 
at a high temperataro leave a carbonaoeoos reatdtie wh^ treated witli 
tbe same oxidizing agent. The piodacts of the redaotion of boric add 
by almnimnm therefore embrace: 

(1) AlB, yellow hezagoaal plates. 

(2) AIB«^ large black crystalline scales. 

(3) Yellow enbieal crystals containing Al and C* 

(4) Several compoands of carbon and boron not ftartlier character- 
ised. (Oonipfes rmdnu, xorn, 4S6b) 

Hydrated Carbon Disidph t<lt\ — All who have worke<l with carbon 
disnlpliide are fainiiiar wiili the peculiar cauliiiower-like growth of a 
snow-white substance which forms when the volatile liquid is filtered 
or otherwise exposed to rapid evaporation. Berthelot, Wartha, liallo, 
and others, have studied this substance, and the latter has recorded 
some experiments to prove that the white excrescence is a hydrate and 
not sdid carbon disatpliide. Prof. F. P. Venable, of tbe University of 
Kortb Oarolina, has studied anew this body and obtained evidence 
that tbe amount of moisture in tbe air has a decided eflBect upon the 
ease and rapidity of its production. No fixed law, however, could be 
deduced. The following experiment is conclusive and confirms Ballots 
results: An open-necked bell-jar, ground, greased, lind tightly flttang- 
to a ground-glass plate was provided with a large rubber stopper 
pierced with two holes. Through one of these openings a caldum 
chloride tube 250 mm. long was inserted, and through the other a glasa 
tube with a glass rod working tightly in it and rendered air tight by 
rubber tubing. Inside the bell-jar was placed a watch glass contain- 
ing purified carbon disulphide supported above a vessel of fresh oon- 
eentrated sulphuric acid. A small strip of previously dried filter paper 
was attached to the end of the glass rod within the bell-jar, and when 
this was Inwored it dii)i)ed into the volatile liquid ; the liquid rose rap- 
idly in tbe pores of the jmper, but even after some miuutes no sign of 
a solid incrustation was visible. When, however, the sulphuric acid 
was replaced by water the solid la«gan to ff)rm immediately after the 
lowering of the pajier. By drawing air through the jar until it was 
filled with aqueous vapor tbe solid hydrate suddenly an<l completely 
melted away. During tbe evaporation of the carbon disulpiiide in an 



Digitized by GoOglc 



CBBICI8TBT. 



9 



open shallow dish tlie liquid reached a tempemture of — 6°C. By for- 
cing air over it the tkermoineler fell to — 19.5^ G. {Am, Chem, Joum*^ 
Y, 15.) 

Blue Chloride o/ This mineralogioal cniioflity occmsin small 
qiiantity in the salt mines of Stansftirtand the cause of the blue colora- 
tion has been studied by B. Wit^en and fi. Precht. As already no- 
ticed by F. Bischof, the blue salt imparts no color to its aqueous solu- 
tion ; and the authors of tliis paper iind that no coloring matter can be 
extracted by ether or by carbon disulpbide. S. W. Johnson has sug- 
gested that the blue color is due to sodium subeliloride, but these au- 
thors find that the color is not at all affected by heatiug the salt at KMP 
0. iu chlorine pas. They therefore conclude (hat the blue color is au 
optical pheuojneiion. Pulverization aud heatiug to 280*^ C. destroys 
the color, probably owing to the liberation of confined gases. {Ber, d, 
chem. Oen., xvi, i4d4.} 

The Fluorine compounds of Uranium were made the sal^ect of inTes* 
tigation in 1866 by H. Cacriogton Bolton. Ditte {Compter rendus^ 91) 
afterwards prepared the same bodies and gave analytical data difl'er- 

ing: widely from those of Bolton. Arthur Smithells has now fjone over 
the same ground and confirms the results previously obtained by Bol- 
ton, and shows that thf> compounds claimed by Ditte have no existence. 
{J. (Jhem, Hoc., March, 1663.) 

Ifitroffen 8elenid§ has been prepared by M. TerDeoil, by acting on a 
mixture of selenium perchloride and carbon dicbloride with dry am- 
monia gas. Its composition is Se^N, and it forms a light orange amor- 
phous powder, insoluble in water, ether, and alcohol, slightly soluble in 
benzene ai)d carbon disulphide. When dry it detonates if struck with 
a hard body, and explodes if heated to 23fP O. {BuU. 906. dktm.^ 

Ooourrmee of ThdUivm in Syhoite and OarndlUte, — Julian Schramm 
giyee tbe Mowing analysis of sylvite ftom Kalusz: 



i*ot«issiuiii chloride 99. 250 

Sodium chit)nile 0. 594 

Calcium chloride 0. 012 

Calcium sulphate 0. 143 

Thallium chloride traces. 



99.999 

The aalhor found tfaalliom in eamaliite and in kainite; in the former 
it Is associated with mbidiumy but the latter contains neither rubidium 
nor caesium. He thinks this assocmtion gives additional grounds for 
classifying thallium with the alkali-metals. Sodium, lithium and cmsinm 
occnr together on ooe hand, and potassium, rubidium, and thallium on 
Ihe other. (Liebig^ Annalm^ ooxix, 374.) 
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MesmrcKes on ih$ Com^unds of Gold, — P. Sobottlander has published 
an extended research on gold and its salts, in which he describes sev- 
eral new bodies and examines with rare reactions already known. Au- 
ro-potnssinin hroniide forms a very stable salt, neither deliquescent nor 
eftlorescent and obttiincfl in large crystals. The action of man nous 
acetate on neutral gold chloride j'iclds a mixture of metallic goM ;ind 
hydrated oxide of manganese of varied couiposiLioii. Hydrated gold 
monoxide Au^sOa (On)^ forms a light crystalline powder of a i)nre black 
color. Hydrochloric acid decomposes it with formation ol tlie metal, 
trioxide and water. Xitnit« of gohltxioxinitrate, auiylnitrate, acid 
aurylsulphate and its potassium comi)ouud and gold mouoxysulphate 
Au''S04 are further described in this paper. Schottliinder regards gold 
as divalent. (Llebig's Afmalen^ goxtui, 312.) 

Manufacture of Aluminium, — Secular papers and scientiflo jounialB 
contain notices of improved methods in the industrial preparation of 
alnmininm, some of which were patented in the year 1882, and great 
claims are advanced as resjiects the economy of the processes. Alumin- 
ium, it will be remembered, was fir^t obtained in its metallic st»tc by 
Frie<lrich Wohler in 18*26, who decomposed the chloride by sodium. an<l 
although (with one exception) aluminium is the most abundant metal 
known, thirty years elapsed before its industrial preparation was suc- 
cessfully accomplished. This way done by Heni,i Sainte Claire Deville, 
wlio improved greatly the preparation of sodium, the most expensive 
ingredient used. Still the metal has sold at the relatively high price 
of $20 per pound, and its physical jiroperties are such that its produc- 
tion at cheaper rates is most desirable. James Webster, an English 
«bemist and netallnrgist, has devised the following method for the 
preparation of alnmlna for the purpose of mannfoetnilng the metal: 
Three parte of alnm are mixed with one part of coal pitch, and the 
mixture heated to 200^ to 2G(K> for abont three honrs. The maea i« 
4MM)led| bfoken into pieoea» and hydrochloric acid of 20 to 20 per cent, ie 
poured over them, giving rise to the evolntion of ealphnretted hydrogen. 
When tins gas ceases to come off abont 0 per cent, of charcoal powder 
or lamp-blaek is added and enongh water to make a thick mass. This 
mass is thofonghly broken np and mixed in a mill, and then worked 
into balls weighing abont one-half kilogram each. These balls are per- 
forated to facilitate drying, and dried first in a chamber heated to 40° 
and then in a furnace at Ooo to 150°. The balls are then jdaced in re- 
torts and heated to low redness for about thi*ee hours, while a mixture 
of two parts of water vapor an«l one of air is passed thix>ugh, so that sul- 
phur and char<!oa! are converted into sulphur dioxide and carbon diox- 
ide and thus escape. The drj- residue, consisting of aluminiiirn, oxide 
kiUiX potassium sulphate, is removed from the retorts, cooled, ground to 
powder in a null, and treated with about seven times it8 wi i^ht of water, 
and utttT boiling by nieans of steam, the solution (xuuanjing pota.ssium 
aalphate is run o£f and evaporated to dr^ uess. The residue^ consisting 
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of alnminium oxide, is waslied and dried. At the Aluminium Grown 
Metal Wnrhs, in Ilollywdod. under the direction of Mr. Webster, nnotber 
luetboil is fciiid to be employed. The iniuerul beauxite, an ahiuuniiiin- 
ferric hydrate, is ignited with sodium carbonate, and the sodinm alurnin- 
ate formed is decomposed with carbouic anhydride, yielding pure alu- 
roina j this is then lieated with charcoal in a current of chlorine, forming 
a donble chloride of soduim nnd uhiminiiim, which is finally decomposed 
by sodium, tuiiiishing aliimiiiiiim. It is Siiid iliat a ton of tiie metal 
costA by this jirocess only $500, whereafl it formerly cost $5,000. At 
Webster's works, it iB said that the output of metal amounts to 20 (I) 
tons per week, a manifest exaggeration. 

J. Norris, of Uddington, near Glasgow, baa obtained a patent for man- 
ufacturing aluminium by treating an intimate mixture of alumina and 
chflicoal with carbonic anhydride at a low red heat, areaction which is 
regarded as doubtfol by many chemists. Morris claims that the car- 
bonic anhydride is reduced to carbon monoxide by the charcoal,and that 
in turn reduces the alumina* The metal is obtained by this process as a 
porous, spongy mass which Is melted and poured into molds. 

At Salindres, France, about 2^400 kilogrammes of aluminium are man* 
ufactnred annually. The process is the old one of decomposing the 
double chloride of aluminium and sodium by metallic sodium, some cty- 
olite being ailded as a flux. 

The diief value of ahtmininm at present is in tempering or givinf* 
Ftreng-th ;ind a snrfacj' or l)o<ly to alloys, bronzes, or metals 80 they will 
not cornHit . In tlie bronze , part of aluminium tends to soften the 
l»rirtle aihl li;ird iintnre of the baser metal. The tensile strength of alu- 
nmmim bronze is great } it bears a strain of 42 tons to the square inch, 
or 12 tons more than the best Bessemer steel. Tt is t»aid to be nne- 
<|ualed for pianos and teleprraph wires. Dr. Gegring, of Land street, is 
reported to have inventetl an inexpensive process for coating ordinary 
iron with aluminium, and the coating can be given any color desired. 
(I^ingler's polytechmsohes Journal, and other sources.) 

read an important paper on the above snl^eot before the London section 
of the Society of Ohemical Indastr}-, on January 8, 1883. He stated that 
in recent years manufhctnrers of soda by the Leblanc process had failed 
to reap satisfactory profits and in somecas^ had met with financial ruin. 
Of twenty-five alkali works which were in operation in the neighbor- 
hood of Newcastle-on-Tyne a verj' few years ago only thirteen are in 
open^tion now. and of the other twelve, not fewer than eipfht have been 
actually d ismautled, in utter despair of its ever aguiu being possible to 
manufacture soda in them by the Leblanc process except at an absolute 
loss. In Belgium the industry' has entirely ceased ; inFrauce, (iermany, 
and Austria the industry still exists, being ])rotected by impost duties. 
Aided by manufacturers in all parts of the world Mr. Weldou has 
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oompfled the foUowbig toble of the pfeaent Boda prodaetioii In various 
eoantrieB: 

iVeMiit 8oda production of the tcorld. 



GonntriM. 



Qroat Britain. 
Fininoe .... ... 

neriiiany ..... 

Auiitria 

Belgium 

Unucd Stotes 



Leblano 
soda. 



3b0.000 * 
70.000 j 

r)<),r)Oo I 

39,000 I 



AmraoDia 
aoda. 



52.000 
87,135 

44,000 
1,000 
8,000 
1,100 



Tods 



54&,niO 163,935 



Totftla. 



43:^000 
m, 125 

10(1, r<oo 

B.OOO 
It 100 



Aiumonia noda 
I ptT coiit. of 
i total soda. 



44. » 

4:{.S 

100.0 
100.0 



706.735 



S3.0 



From this it is evident that the total qnantity of soda now being roan* 
n&ctared annnally is nearly 709,000 tons, of whieh more than 163,000 
tons are made by the ammonia process* 

Althongh the ammonia process was first proposed by Dyer & Hem- 

miiig more than forty seven years ago, it Is less than seveuteen years 
since it has been carried on industrially. In 1866 Ernest Solvay, of 
Brussels, began to produce soda by the ammonia process at his works 
near Charleroi; in 1860-^>7 he inaTinfactured 179 tons; this increased 
to 11,580 tons in 1876-'77, and 53,4(K) tons in 1881-»82. Mr. Weldoii 
estimates that about 40 per cent, of the total soda now made on the con- 
tiuent is produced by the aninioiiia process, lu England, also, the poin- 
petitiou of the ammonia process lias attained a magnitade which i» 
alarming the makers of Lehlaiu- stHia. 

Another circumstauce is injuriousl^s aiieclin^ the Lel)hnic system, 
viz, the loss of profits on tlie by-products. Oriiriruilly, soda was the 
only commercial ])roduct of the process, the IiviioehJoric acid being 
turned to no accouiit. hi unie a demand gi-ew up ior chlorine, and the 
hydrochloric acid began to be utilized profitably ; then the soda ceased 
to be profitable, and became a by-product in the manufacture of cblo> 
rine ; next, this soaroe of profit failed and leeoarse was had to the bam t 
ore" or pyrites <sinders'' obtaioed as a secondary product by roasting 
pyrites for snlphnric acid, and which is treated for copper, silver, and 
to some extent for gold. The Bio Tinto Company, of Spain, owning 
enonnoos deposits of pyrites, intend establishing in France and else- 
where works for manufoetnring Leblanc soda, and expect to derive their 
profits neither firom the soda nor from the chlorine, bat fh>m the copper 
and the residual oxide of iron. 

The extension of the ammonia process of manufacturing soda has led 
to devising plans for obtaining ammonia itself more cheaply, and it is 
now collected from coke ovens in France and in England, and from 
blast fiimaces In Scotland. From the latter source alone Mr. Weldou 
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estimates the amount of ammonium sulphate prodnoed at 20,000 tons 

per annum. 

To maintain tlic T.cblaTu* industry in Kn«rlaii<1, VVeldon thinks the 
iDrtnufacturers rnu.st have cheaper pyrites, and inimt perfect methods for 
the recovery of sulphnr from the alkali waste. Ue regards favorably 
the Schaftner and Helbig process for snliilmr n covery, which oouflists 
of two operations indicated by the following equations: 

Firtt iiperathn, 

Ca S = Mg Cla + 2HaO = H^S + Ca 01, + Mg H,0,. 

Seeoud openaion. 

Ca Ci, + Mg HjO, + CO, = Mg Ch + Ca CO3 + H,0. 

In closing his interesting pajwr, of which we have given but a brief 
8ummaiy, Mr. Weldon states that the immediate flitare of the English 
Leblanc soda industry is somewhat gloomy^ bat sng^ts the motto nil 
detpenmdum. {Ckem* Jiewif XLvn, 67 €t »eq.) 

Phosphides o/Flatinum, — ^Piof. F. W. Olarke and Mr. O. T. Joslin have 
examined the bodies resulting from tbe fbsion of platinam and phos- 
phoruSf a process suggested by the disooveiy of Mr. Holland, recorded 
in onr previous report Professor Olarke finds proof of the existence of 
tbreeaimple phosphides, PtPt^PtP, and PtsP, and of a donblephosphide, 
PtsPi. Tbe monophosphide by Tirt'ne of itsinsolability in aqna regis, 
is tbe most noteworthy. Tbe compound Pt^P is malleable and is anal- 
ogous to FttP previously described, and called in the patent of Mr. 
Holland fused iridium.^ The compound PtP, is probably identical 
with the phosphide described by Scbrdtter and obtained by heating the 
fiuely divided metal in phosphorus vapor, (^si. Ohem» Jo«r., y, 231.) 

Renmrchts on the CDinpUd Lnorganic Aci(h. — Dr. "WolcottGibba, in two 
additional papers, continues his investigations in the rcaiaikable lieUi 
mentioned in our report for 1882. He describes the preparation and 
properties, and discusses tbe structural fonnnla of bypophospho-molyb- 
dates, hypophuspho-tungstatee, pbospboroso-molybdates, vanadio-mol* 
ybdates, vanadtO'tungstates, phospbO'Vanadlo-molybdates, vanadio-va- 
nadico-molybdates, vanadio-vanadico-tungstatesy phospbo-vanadio-va- 
nadico-tungstates. 

It is impossible in tbe brief space at our command to give an adequate 
idea of these remarkable researches. Tbe evident beauty of many of the 
well ciystallizing complex salts, tbe exceedingly difficult problems in 
analytical chemistry' which are involved, and the admirable theoretical 
discussiouH con joined, make these papers masterpieces in the science. 
(Am. Okmn, J., v, 361 and 301.) 

Manujavturc of Votanh Alum from FeUhpar. — In ISSL* Mr. John S}>ill«'r 
published uu ai tide proposing to manufacture [>oiash alum by trealiug 
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feldspar with solplmric aoid and a fluorida, tiia latter beiog either fluor- 
spar or cryolite. Botli them minerals can be ba<l very cheaply, but Mr. 
Heniy Pemberton, jr., undertakes to show that the difli< dries of tlie 
process are soeb as to leave little or no iiiargiQ for protit. The weak 
point in the process is the quantity of acid require*!, and! in the produc- ' 
tion of three tons of bulky, insoluble, comparatively useless calcium sul- 
phate for every ton of alum made. Cryolite is shown to be too expen- 
sive, and moreover yields the \vron«r alkali, soda iu p'nee of potiish. 
And if the uecesa-ai v potash were addeci, enormous (piantities of Glan- 
ber's-salt would be left upon the mauuiiacturer's hands. (</o«rs. FrankL 
Imtf 1863.) 

Parft. 

Dr. Uenry Leffmuun has published analyses of the waters of several 
of the \ eUo\s stone Geysers and of the iucrustatiunb forming in their 
yioinity. From these we select the following: 

Oniiw in Imp. gallon. 



Calcium sulphate 1. 10 

Sodium sulphate 1. SO 

Sodium chloride 61. 39 

Silica 7.84 



' 72. 52 

At the bottom of the bottle oontaining this water impnre geUtinons 
■iUea was found yielding alter drying 07er strong snlphorie acid : 

Ptroeat. 

Water 4. 9 

Silica 79. 1 

Alumina traoes 

Ferric oxide traces 

Calcium oxide traces 



II. — OpaZ Spring, 

The water of this spring is opalescent and on evaporation gelatinixee 
before becoming diy : 

Grains in imp. gallon. 



SodiuiiJ chloride 72. 18 

Calcium sulphate 3. 22 

Calcium chloride 4. 06 

SUica 63. 76 



14a 22 
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Water of Jramffio<& Uoi 4»HfV«. 

Gnini in imp. gftUon. 

Sodium aulphftte 34.44 

Sodiamobloride 18.90 

OaldDm carbonate 17.92 

Magnesiam cai'boQate 8. 68 

SUioa 3.36 



83.30 

IV. — DejpQttUji'om Matmmth Hot iSprinffa, 

Oaloium carbonate 96. 80 

Magnesium carbonate 1. 36 

Alumina and iron 0. 45 

Silica 0. 26 

Water 0.dO 



00. 36 

{Am. J. Soi.f oxxv, 104 aud 351.) 

Decomj)otiiiion of Minerals by Citric Acid. 

H. Carrington Bolton has continued his investigations as to tiie aotioD 
of organic acids on minemlfl, and pablisbes the following results. The 
acid employed was citric acid, which, as the antlior has shown, has a 
power ot* dec()itiposni|;f minerals little less than that of liydroch^oric 
acid J the ellcct of prolonged action at ordinary temju i i tures was espe- 
cially cons id I rod. Of the sulphides, chalcocite showeci s\^uh of decom- 
position at the end of ten days, aud after several months a partial solu- 
tion of a green color was obtained; pyrite was attacked in eight days, 
and a month later a solution of a reddisii yrllow color was obtained; 
chalcopyiite acted similarly; one gram lost 11 per cent, after fourteen 
months' contact with the citric acid solutiou. Of the oxides magnetite 
and limonite were strongly attacked in eight days, hematite yielding 
more slowly. Of theailieateadatolite was the moatquiokly deoomposed, 
yielding gelatinous siliea after tweuty-fonr hoars | hornblende, pyrox- 
ene, alnuradite, epidote, and serpentine were decidedly decomposed In 
sight days, and after fourteen months the last named yielded a dry, ge- 
latinons mass. The fUdspars are nneqnally attacked under like condi* 
ttons ; labradorite yielded most easily. Moscovite and biotite yielded 
slowly, the latter showing signs of decompositioii the sooner, mi* 
niite scales and slimy silioa separating after two yeara^ sabjeetioii to the 
aeid solution. 
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Dr. Bolton gives the following : 

Table shomng approximate relative dhinfcgrafion of rocJc forming [amd 
asBOciated) mine^rak by citric acid in solution. 



<)iiieldy deoompowd. 


Slowly deeompoMd. 


Ywj slowly (lecoin- 
pom;d. 


Mot deeoBipoted. 


Carbonates. 
Phosphates. 
Froohlorite. 
Chnsolite. 


Serpentine. 
Pyroxene. 
Hombiende. 
Lsbradorite. 

Garnet. 

Epidote. 

Vesnvisniie. 

Pyritc. 
Limuiutc. 
Magnetite. 
Oypmiin. (f) 


Orthoclase. 
Oligoclaae. 
Albite. (f) 
Biotite. 
Masco vite. 
Tourmaline. 
Staurolite. 
HeniAtite, 


Quartz. 

Corandam. 

Spinel. 

Beryl. 

Barite. 

Kyanite. 



{Proodeding§ Am» Ajuoo, Ado, Soiencef xxxi, 271.) 



New Uxploaives, — Pyrouome is the uauie given by M. Sandoy to a new 
explosive mixture coDsisting of 69 parts saltpeter, 9 of solphor, 10 of 
charcoal, 8 of metallic antimony, 5 of potassium chlorate, 4 of rye floor, 
and a fbw centigrams of potassiam chromate. These are to be mixed 
in an eqaal volume of boiling water, and the mass evaporated down to 
a paste, dried and powdered as wanted. This mixture is said to be 
oheaper than dynamite, but its manufacture and use must be attended 
with considerable danger. 

S. H. Hinde proposes a new explosive mixture composed of 64 parts 
of nitro>glycerine, 12 of ammonium citrate, 0.25 of ethyl palmitate, 0.25 
•of calcium carbonate, 23 of coal, and 0.50 of sodium carbonate. The 
apecial advantages of this complex mixture do not appear. 

A new explosive has just been patented in England by Dr. C. W. 
Siemens. The compound is a Tnixture of saltpeter, chlorate of potash, 
and a solid hydrocarbon, and is Kui table liofli for Ttiitiiiit^ i)nr]>osee and 
lire arms, wliile, if i^'nited in the o^H^u air, the combustion takes place 
slowly and iuiperfectly, and, therefore, without danger. The new com- 
pound, which has about the s;ime density as ordinary gunpowder, and 
is very hard, possesses with equal volume more than double the ex- 
plosive forc« of the latter. The intensity of exjiloision can be regulated 
al will by varying the proportions of the ingredients ujid the size of the 
granules. (Muuroe's Aote^t on the Literature of £xplo(tives.) 

Une Limed Coal in Gas maHng,^l?Tot J. Alfred Wanklyn read a 

paper on the above subject before the British Association for the Ad- 
vancement of Science at the Southport meeting in August, 1S83. 

As the gas manufacture is usually carried on, only a small part of 
the nitrogen contained in the coal is recovered in the form of ammonia; 
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^bereae the coal might furnish 25 to 60 pounds of ammouia per ton of 
coal, only 6 or 6 pounds are actnally obtained. By mixing a little lime 
with the coal before introducing it into the retort, the yield of ammonia 
is greatly increased, and at the same time the gaa i»Ruing loses its ft'tid 
odor. The invention is patented,, and in known as Cooper's liming 

At the Beokton gas-works, wbm a aeries of experiments wereoarried 
on, the addition of lime prodneed a gain of 36 per eent of ammonia. 
Besides this, there is a gain in tar and a diminatioo in the salpbnretted 
hydrogen and carbon disnlphide. So marked Is the latter feature that 
the lime purifier prores to be snperflnons where the process is used, and 
gas-works, being no longer offensiTe, cease to be a pnblic nnisanee. 
(CkmiL Newif 2a*Tm, 174.) 

New SubtUmeei/rom Plants. — Jamaica dogwood {Piscidia er^thrina} 
has been examined by Prof. E^dward Hart, of Lafayette College, who 
obtained therefrom the active principle, |»«cicf«i, C29II24O8. This bmly 
is insolubh' in water, but crystallizes from alcohol in small colorless four 
or six sided prisms, which hnvp a mflrini:: \)i>mt of 192^ O. It is easily 
soluble in benzene and in chloroform. Irs physiolnfjical etlect^ are that 
of a diro<*t Hinlativc, narcotic but reti'esUmg. {Am. Chem. Journ., V, 39.) 

Algin is the name given by Edward C. C. Stanford to a new substance 
obtained from some of the commoner species of marine algse, and which 
posst.'b.s valuable properties as a gelatizer. It has characteristic reac> 
tions disUii^uLshing it from gelatin, from .stdrcLi, from dextrin, pectin, 
guui arable, and other gummy bodies. Dilute mineral acids generally 
coagulate it when in solution. Mr. Stanford thinks it can be used in 
the sdable ftum as a stiffener of fiibrics ; although not so rigid as starch, 
it is tougher, more elastic, and more transparent It may also haye 
some Tslue as a food on account of its nitrogenoas character. Its ag- 
glutinating power enables one to oonyert non-coherent bodies, snch as 
silica, lime, magnesia, alumina, chalk, graphite, and charcoal, into solid 
hard blocks. A new carbon cement'' for cohering steam-boilers con- 
sists of 97 per cent, charcoal and 3 per cent slgin. In its insoluble form 
algin resembles horn, and may be used as a snbstiiute for it Algin is 
an excellent noo-conductor of electricity, and can be used also in emol- 
siQring oils and fining wines and spirits. {Chem, Newe, XLTII, 254.) 

A netc acid has been obtained by Von Lippmann from the juice of 
the beet root. The incrustatious formed on the pans in which beet juice 
is evajwrated contains, besides citric, aconitic, tricarballylic, and malonic 
acids, H now acid which appears to be identical with the oxycitrio de- 
8crib( (1 by Pawolleck. The tipw acid forms needle shape<l crystals, 
soluble in water, alcohol, and etiu i\ having the formula CcHaO,. It is 
tribasic, its barium salt having the formula (CfH«Og)t Bag 5 HfO. {Ber, 
d. d^n, 6e9.f XVI, 1078.) 
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Saponin was discovered in 1809 by Sclirader in the root of Sajwnaria 
rnhra. Stiitz pn^pai-es it from the bark of Quillaja saponaria as follows : 
10 kilograuKs are extracted with water, the evaporated liquid is 
pulverized and exti acted with hot alcohol, whieii on eooiin^i^ yields llocks 
of saponin; ilnse are jmriHed by re solution in hot alcohol. In this 
way 10 kilograum of bark yielded -00 grams of saponin. It is a \\ hite, 
amorphous powder, ncutml and tasteless. It is soluble in water m all 
proportions, sad evwi when dilate the HoliitioDe ftotii like a soap solu* 
feion. It has the composition expressed in the fomnla Ci»HmOio, bat eon* 
tains also 2.4 per cent, ash, consistlnfir of the earbonatee of magnesiam^ 
calcinm, and potassiam. Experiments lead the aathor tocondnde that 
the constitatiOQ is expressed in the formula GuHis (OH)^0^ (liebig's 
Amudm, ooxvni, 231.) 

A New Source of Mannite. — L. Lindet has lound tliis sugar quite 
abundant in the pineapple of Brazil, amounting, \w rlamis, to 1 per rent, 
of ^e fresh fruit. The mannite is extract^'d from the fermented pulp by 
neutralization with smlium carbonate and cviipoation to the consist- 
ence of molasse.s. On cooling small needle-shaped crystals, having a 
slightly sweet taste, are obtained; puntied by solution iu boiling al- 
cohol tbey give the true charaetertj of mauuite. lie intends to pros- 
ecute the stady with a view to ascertaining whether the uiannite was 
formed during the iSermeotation or whether It exists already formed in 
the fimit itself. {BulL we. tfA^m., XL, 65.) 

Saccharone and Saccharine. — By the action of calcium hydrate on dex- 
trose and on levulose Peligot obtained in 1880 a body having great sta- 
bility and crystalliziTifr with faeility, which he called saccharine. Hein- 
rich Kiliaui, by acting on this body with concentrated nitric acid, has 
obtained a new substance, which he names saccbaroiic, and which is 
both a lactone and a monobasic acid. Conse<iuently both saccharone 
potassium C6H7OK and Siiccharonatoof potassium O^^B.^O-iK . arc obtained 
when saccharone is treated with potassium, the latter at a boiling tem- 
I)eratare. By the action of Indi iodic acid on saccharone, Siiccharinic 
acid, a dibasic acid is obtained, huviuj^ the formula CfiUuOe* (Liebig's 
Annaleny ccxviii, 361.) 

Borneal from Camphor. — Professors C. Loring Jackson and A. B» 
Menke leoommend the following process for preparing borneol from 
camphor on acoonnt of its simplttity, rapidity, and economy. The cam- 
phbr is dissolved in about ten times its weight of common aloohd^ and 

an excess of sodium is added in pieces of somewhat less than a gram at 
a time. I^y working witli quantities not over ten grams the action can 
be carried on iu an open llask without c(M)ling. As stxm as all the 
sodium has disappeared, part of the alcohol is distilled olf and water 
added, which precipitates crude borneol. This in freed from sodium 
hydroxide by washing with water, and crystallized from hota Icohol. 
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Borueol melts at 197o * 10 gaana of camphor yield 9J& grams of bomeol 
being 94 per eeot. of tbe theory. {Am, Ckm, Jowm^ Y, 270.) 

Researches on Atropine. — lu 1863, Kraut decomposecl atropiue b,v a 
boiling barium hydrate solatiou into atropic acid CsHsOs, aud tropiue 
■ Call n^Oi ; the finmala for the latter base was correoted by Loesen, who 
foQDd GgHijNO, aod showed that atropio aeid was only a secondary pro- 
dact of the decomposition, the primary being tropic acid C»Hi«03. 
Ididenbarg in late researches has affected the synthesis of atropine by 
the dehydrntion of tropate of tropine. The best resalts were obtalnefl 
by the action of dilate hydrochloric acid. The identity of the artifl* 
dal atropine with that extracted ftom atropa belladonna was foUy estab- 
lished by chemical and physiological experiments. Tropate of tropine 
exerts no action whatever on the eye, even in a 10 per cent solntion, 
(Liebig's AmuUmf ooxvn, 74.) 

The Oxidation of SubstOuHon Products of the Aromatic Hydroeaufhom,^ 
Dr. Ira Bemsen is pnisning his inTestigations gronped under the above 
title, and publishes two additional contributions on the oxidation of 
betacymenesulphamide and of paiadipxopylbensenesulphamideiii which 
he has been assisted by Ur. W. 0. Day and Dr. E. H. Eeiser, respect- 
ively. 

By treating betacymenesulphamide with potassium pyiochvomate and 
sulphuric acid a body was obtained which proved to be snlj^iainitte- 
parapropylbensoic aeid having the formula— 

OgHs^SO.NHs (o) 
( OO^fl (p) 

Under similar treatment paradipropylbenzenesulphamide yielded as 
a principal product alphasnlphaminepropyllbenxoio acid, the formation 
of which under the conditions given proves that the sulphamide group 
exerts a partial protective action upon one of the propyl groups. The 
protection, however, is not perfiect, because sulpho-terephtlialic add is 
ibrmed at the same time. These results are in perfect harmony with 
the views advanced some time ago by Dr. Bemsen as to the law of pro- 
tection. {Am. Ohem, Joum^ T, p. 149.) 

Sifn^lMt <sf iSSslioMk— Prof. Arthur ^[ichael, of Tufto College, has the 
honor of accomplishing the first synthesis of a glocoside ocenrring in 
nature. Having obtained helioin syiAietically by the action of sodium 
saUf^laldehyde on aoetochiorhydrose, he submitted the helicin to the 
action of sodium amalgam, as suggested by Lisenko, and obtained a 
body the properties and composition of which agree perfectly with 
natural salidn. {Am. Ohom, Joum., y, p. 171.) 

A new Syuthesis of Anthracene. — With the expectation of obtaining an 
isomeric tetraphenylethane, Anchiitz and Eltzbacker examined the ac- 
laon oC afaudnium chloride upon a bensene scdntion of acetylene tetra- 
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bromide. The resulting hydrocarbon was easily isolated and proved to 

be anthracene. This synthesis establishes the faot that the middle 
carbon atoms in anthracene are directly united, a supposition generally 
held but not previously determined by experiment. The formula of 
Mitlinicene is accordingly represented thus : 



Pyridine and QuinoliM Bmen. — The close connection whicli lias l>een 
established between several important alkaloids and the derivatives of 
pyridine and quinoline ia being confirmed by numeroos researches. All 
the evidence aeonmulated thns fiir is in luumaD7 with the view that 
many of the important alkaloids are derivatives of pyridine, a oonstltn- 
ent of bone-oil and of coal-tar, whicb, moieover, has been obtained by 
the dry distillatipn of nicotine^ The relation between these alkaloids 
and pyridine is somewhat analogous to that between the aromatic com- 
pounds and bensene. According to KSmer pyridine is benzene in 
which one <tf the ^ GH groaps is r^laced by N, and this view has 
recently found additional support. 

The investigations of Kdnigs, Skranp, and others go to establish a 
close connection between quinoline (and its faomologues lepidine, dispo- 
line, and tetrahiroline) and such alkaloids as quinine, cinchonine» and 
their isomers. (E. H. K. in Am, Ckem, Jowm.j y, 60.) 

ComtittienU of the Petroleum of Galicia. — According to Lachowicz, the 
petrolenm of €falieia oontains a large nnmber of hydrocarbons of the 
marsh- gas series, isopentane, normal pentane, hexane, both normal and 
secondary, and heptane, together with several of the aromatic series, 
bensene (benaol) tolool, isozylol mesii^lene, and the so-called Treden^ 
hydrocarbons. Members of the ethylene series are entirely wanting. 
(Liebig's AmiaXenyCaxx^ 168.) 

Products of tlw Jh-}/ IH.stillation of Wood at loic Temperatures. — Prof. 
C. F. Mabcry has exaiLiiiied tbe more volatile products of the dry dis- 
tillation ot wood in the mauufacture of acetic acid. The greater part of 
the iiroduct consists of methyl alcohol and methyl acetate; besides 
these are fouud acetic aldehyde, acetic acid, acetone, acetal, dimethyls 
acetal, methylethylketone, and allyl alcohol, together with traces of the 
hi<jher ketones. A new constituent is methyl formiatc. The higher 
boiling oils contained furfurol, and by the action of alkalies upon it a 
small qoantity of pyroxanthin* The proportion of acetone was smalL 
{jLm, Ohem, Journ., y, 256.) 

The Comtituents of Ocol'mle.-^zokerit« from the island Tseheleken, 
in tlie Caspian Sea, has been examined by F. Beilstein and £. Wiegand. 




{Ber, d. ektm, to., xn, 623.) 
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The niw material formed a brewoiBb-blaek, fitacky maas, almoefe wholly 
Bolnble in boOing benzine. On adding aloohol to the illteied eolation 
most of the paiaifine pieeipitates and the oils remain in solation. By 
treating the powdered osokerite with ether nearly all the oily matters 

aod coloring matters are removed from the pamffine, and this may be 
further purified by nolution in benzine, boiling with animal charcoal 
and precipitation by alcohol. By repeating this process, shining white 
crystals, having a definite melting point, were obtained, which the 
anthers name Lf^keiie, from the ishiud above referred to. Lekene has the 
followiTif]f pro[M'i t ies : Melting point, 7f>0: sp. f^r.. (> Of^fM 7. .Soluble in 
124.3 i»atts of benzine at 15^, 1.334.8 part** of ehlorolonn at lO^, y5:>4 
parts of alcohol at 10*^, and 15257 i)artsof absolute aeetic ether at 
C. It distills unaltered in vacuo, and hence may be obtained by tins 
process on a commercial scale. 2sitric acid dihited Ns itli two volumes 
of wattr scarcely attacks lekene at all; fuming snljjlim ie acid converts 
it quickly mto ;i black, pulverulent mass. The aualy.sis made gave fol- 
lowing flgui t\s ; C=85.23 per cent., 11=14.72 per cent. It does not ap- 
pear whether lekeue belongs to the series Cq Hju, or Cn Hju+j. The oil 
eztraeted by ether from the ozokerite was purified by distillation in 
vacuo and gave 86.13 per eent 0. and 13.70 per eent H. Its sp. gr.s 
0.8450 at 18.60 {Ber, d, ehm. Om., rvt, 1547). 

Katearchoi into the Naturi uj ReHins. — Prof. Arthur Michael has in- 
stituted an investigation into the action of aldehydes on ]>heiiols, 
and arrives at the following conclusions: (1) Mixtures of aronuitic 
aldehydes and j»hen*)ls arc converted by mere traces of acids, more or 
le&s rapidly, according to the acids used, into white resins; ('-) the re- 
sorciu-bcuzaldeliyde re^^ia is converted by the further action of dilute 
acids into two ciystalline compoands, one of which is isomeric with the 
resin when the latter is dried at lOOo G. ; (3) fixed alkalies and potas* 
sinm carbonate convert a mixtore of resoroin and benzoic aldehyde into 
a resin; (4) the properties of the ciystalline compoand C1A1O4 resem- 
ble those of the so-called ciystallizable resins. From its alkaline solu- 
tion it is precipitated by adds in the form of a resin, which separates 
in form of the original eiyatals from the alcoholic solution ; (6) the 
above results make it extremely probable that tlie formation of at least 
some of the resins in the vegetable world is due to aldehydes and phe- 
nols coming in contact with the contents of the cells, as both of these 
classes of compounds are undoubtedly among the products formed in 
plant-life. (Am, 0km, Jowm^ T, 338.) 

Coniferiny the source of vanillin, has been found by Edmund O. von 
Lippmann to exist in the woody fiber of the sugar-beet. It is believed 
that the coniferin does not exist to any great amount ready formed in 
the woody fiber, but that it is produced by the decomposition of ligniu 
in the process of extraction. Whether or not the sugar-beet will ever 
become a commeicial source of vanillin has not been determined. {Ber, 
d. chm. Oei.n xn, 44.) 
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A simple and convenient apparatus i'w rnpid f^an analysis has been 
devised and described by ArtlmrH. Elliott. Hy its aid aconiplt te gm 
analysis can be made in less tliau one hour. For details and ligure of 
the apparatas we refer to Annals of the 2Jew York Academy of Sciences, 
Vol. TI, No. 12, 1883. 

Cai ljuii iiiunoxide is conveniently preparetl, ai.cortliii<j: toE.Noack,by 
passing carbon dioxide over zinc dust heated in a glass tube below a red 
beat In one hour 13 liters of CO} yielded 11 liters of GO. 

Dr. W. Spring coDtinoes bis researches on the formatioD of cbemioal 
componnds by great pressare. He bas ])repare<l, nudef presanre of 6,500 
atmoapberea, compotuida of araenio vitbcinc, lead, copper, tin, and sil- 
ver direct from mixturea of tbe conatitiiciita. Also manj metallic anl- 
phidea in like manner. 

Tbe compoaition of bloaching-powder baa again been inveetigated by 
Lnnge and Kaef, who find that caloinm chloride is decomposed at ordi- 
nary temperatures by hypochlorous acid, with the production of CaOOlt 
and CI3. These chemists hold to the formula CI — Ca — OCl, first pro> 
posed by Odling, aa the most correct. {Bar. d. chem* 0e9,y XVI, 840.) 

Water is decomposed by both sulphur and arsenic, according to C. Z. 
CroRs and A. F. Tli^^^in, yielding both the oxygen and hydrogen com- 
pounds of the elenifMits. 

Dr. J. Lawrence ymiili ^ives i?i tbe American Chefnii al Journal., v, p. 
44, details of liis met ImmI of decomposing and analy/.ing ^amar8kite. The 
j)owileied and dried niineral is deconii)osed by lluorhydric acid aud the 
insoluble portion treated with concentrated sulphuric acid and the con- 
tained earths converted into oxalates, which are then submitted to 
careful analysis. 

Sauianuiii, discovered in 1378 in samarskite by Lecoq de Boisbaudran, 
baa been carefully studied by P. T. Cleve, of Upsala. He obtained the 
pure oxide, Sm, O3 and aeTcnd salts, inelnding tiic cbloride, Sm Clj. 0 II3O, 
cblovoplatinate, nitrate, Sm (N03)3. 6 H^O, aoctatOi oxalate, andaalpbate, 
8mt (804)3. 8 HaO. Tbe salts in general agree doeely in composition with 
the didjminm aalta, bat are diatingoiabed by a pecnliar spectrum com- 
INMed of several bands, fonr in the blue part being chanieteriBtic. {J. 
Ckem. $00.^ 1883, 368.) 

Tbe emission spectra of scandinm, ytterblom, and erbiam bave been 
examined by Th. Thal^n. Scandium presents a notable spectrum, hav- 
ing many lines of medium intensity in tbe orange and the indigo^ and 
very fine brilliant linea,fomiing several groups, iu the yellow, green, and 
bine portions. 

Pure nickel, capable of being wrought, rolled, and hammered, is now 
made by Mr. Joseph Wharton at Camden. A small quantity of inagne 

sium a<lded to metal ^^reatly aids in the reliniugand improves its qti;ility. 
Merniet km oniinends the nsp of Tiit'kol crucibles in place of silver in 
chemical manipulations, being much cheaper aud less easily fused. 
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Hnnroe, of the Unifed States NftTal Academy, ie publishing a serieeof 
papers giving a compendiam of discoveries in the field mentioned. The 
articles appear in the Prooeedings United States Naval Institnte, Nos. 

20j 21, 22, 24, and 27 et seq, 

A white modification of phosphorus has been described by Dr«. Ira 
liemsen and K. H. Reiser. It is obtained by distilling ordinary i>ho8- 

pliorns in liy(!roc:en and collecting the element in ice cold water. This 
white phosphorus is lijjht and plastic, is soluble in carbon disulphide, 
and melts at the same point '<\s ordinary phosphorus. It bears the same 
relation to ordinary phosphorus as fiowers of sulphur^ to nAi bhm- 

stone.' 

The conduct of moist phosphorus and air towards carbou monoxide 
has been again most carefidly examined by Ira Remsen, assisted by 
E. n. Reiser, and, contrary to the views of Leeds, negative results are 
reported. The small amount of carbon dioxide obtained by Leeds is 
ascribed to oxidation of the carbon in the phosphorus, the presence of 
vhiohwaanoti however, demonstrated by the anther. {Am, Okem, </., y, 
424.) 

According to the latest returns pnblished by the Italian Government^ 
the average annual production of sulphur in Sicily and Italy during 
the five years 1875-1879, indusive, was 282,000 tons, of which 216,000 
tons were exported* Delivered at Marseilles the sulphur sells at about 
#25 per ton. {Ohm, JTm, XLvn, 88.) 

Cadmium iodide has been studied by Prof. F. W. Clarke, who obtained 
evidence of the existence of two allotropic varieties, differing in specific 
gravity by abont a unit. The higher or normal salt is white, and un- 
<lergoefi no perceptible change when heated below 260° ; the lower salt 
is brownish, and loses weight at 40°. 

The use of mercury tliermometers, and especially the determination 
of melting point and boilin«: point, is the subject of an exhaustive re- 
Ht-.irch by Prof J. M. Crafts, who points out that the defe<'ts in the pro- 
■t'rsses of graduatini? these instruments, as usually conducted, can be 
I remedied by means easily witiiin the i*each of a careful mechanic. 

Tliirtpljeiie is a new substance, 0^1148, discovered by Victor Meyer in 
benzene (beuzol) from coal tar, and which is niai ked by its containing 
sulphur in its composition. It forms a li^lu, limpid, mobile oil, boiling 
at about 84°, and remaining liquid when subjected to the cold of a 
mixture of ice and salt. Pure coal-tar benzene contains about 0.5 per 
eent, of thiophene. {Ber. d, ckem. Oe>., xvi, 1405.) 

The Ethyl Derivatives of Anbydro-bensdiamldo-beDaine have been 
treated in a paper by Prof. James Lewis Howe, of the Central Univer- 
ai^, Biohmond, Ky., and published in the Am. Ohem, J., v, 418. 

Arable add has been prepared in a pure state and carefolly studied 
by O. O'Snllivao, who assigns to it the formula CJlu^i* 

Giyptidin has been syntbetioaUy made by Dr. Albert B. Leeds. It has 
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the formula CnlTnN. The Htime < liemiat describes CBnantholaniliii^ 
<vriant1u)l\yli(lin, and cenaiitholuaphtylainiu, bodies having agreeable 
t^thenai odors, and yield amorphous Hublimate^i with partial decompo- 
sition. — {Ber. d. chem. Qes., xvi, 287 aiid 280.) 

Silicon-ethers of phenol, accoi (lin:^ to A. Martini and A. Weber, arc- 
easily j)repaml by heatinp: tlx' phenols with siliciuui tetrachloride. 
Tetrapheuylsilicate and tetraparakresylsilicate are described by them. 
{Ber. d. chew. Gtn., xvi, 12a2.) 

The Liebig memorial was' unveiled at Munich, August 6, 1883. 
Prot A. W. Hc^aoiL miide the prindpAl address on the ocoaaion, re- 
viewing the influence of Liebig^ disooveries in cbemistiy. A few 
months after the ceremony, the white marble statue of Liebig was 
wantonly injured by some black liquid which was thrown over the head 
and left shoulder. It was feared that the statue was pennanentiy in> 
juied, for the black substanoe had penetrated the pores of the marble. 
Later advices show that the liquid used was nitrate of silver. One 
thousand marks reward were oft^ered for the perpetrator. In December 
the stains were successfnlly removed. 

Frederick Wohler is fitly honored in the Berichte der deuUnhm ckemi' 
when Oesellschaft by a long biography and bibliography prepared by 
Prof. A. W. Hofmann. Wohler*s contributions to chemical literature 
number 280, The paper is accompanied by a portrait and a ilEU^simile 
letter. 

Honors to an American chewist. — Tbo German Chentical Society of 
Berliii lias on its rolls the following si.xt* t n honorary ineuibers, repre- 
senting, as Will be seen, a variety of nationalities: K. Bnnsen of Hei- 
delberg, J. Dumas oi' Taris, H. Kopp of Heidelberg, S. Cannizzaro of 
Rome, E. 1 ranklaud of Enj^land, R. Fi*esenius of Wiesbaden, J. S. Stas 
of Bmssels, A. Williamson of Euntlon, A. Wurtz of Paris, CI. Kirchhotf 
of Berlin, H. E. Roscoe of Manchester, C. von Mariguac of Geneva, i\ 
Abel €i Woolwich, A. Butlerow of St Petersburg, Warren de la line 
of London, and Q. Sella of Borne. The society in 1883 honored itself 
and recQgniised the claims of the United States by adding to this dis- 
tinguished company Dr. Wolcott Oibbs, professor of chemistry in Har- 
vard University, who confessedly stands in the foremost rank of scien- 
tiile investigators. 

OHBMICAL iilBLIOGBAFHYj 18S3. 

Arnold, 0. Eurze Anleitung zur quaUtativen cfaemisohen Analyse* 
Hannover, 1883. 8vo. 

Attfield, John. Chemistry; general, medical, and pharmaceutical,. 

including the chemistry of the United States Pharmacopoeia. 

Tenth edition. Philadelphia, 1883. 12mo. 
Avery's (!omplete chemistry. Edited by £. W. Avery. New York, 

1883. 12rao. 

Barnes, JosErn. Tables for the (jnalitative analysis of ''simple salts'^ 
and ''easy mixtures.^' Manchester and London, 1883. 
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B1.YLET, T. A pock rt book for chemists and ohemioalmaiillfMtliiera* 

3d edition. London, 1SS3. Obion 32mo. 
Beilstein, F. Handbnch der orgaoischeu Ghemie* Hamborg und 

Leipzig, 1883. Large 8vo. xxxiii, + 2185 pp. 
Benedtkt, R. Die kiinstlichen Farbstofte (Theerfarben) ; ihre Dar- 

stellung, Eigenscliafteoi Priifangy Erkennuug and Auweudang. 

Ciissel, 1883. 8vo. 
Blas, C. Metbode de I'analyse qualitative min^rale par la voie Lumide, 

2* Edition. Louvaiu, 1882. * 
Bltth, Alex. W. Poisons; their effects and detection. A manual 

for the use of analytical ohemists and experts. London, 1883. 
B6axMAmXf Fb. Oheiiiifl^di-tfidhiiiaehe UntemtdtimgaaMliliodMi der 

GnMUhlndiutriey der YetBiicliastatioiieii and Handelalaboffatoffieiu 

2 vole. Berlinyl883. 8to. 
BoLUBT, P. AL, and K. BmNBAxnc Handboeh der ehemiaelieii Teeh- 

nol<^e. YotT. jig*6* Bratmechweig, 1883^ Sto. 
BxBZiN Ay A. Krystallographiaohe TTnteisaoluiDgen an homdogen nnd \ 

isomeven Beihen. [Alao nnder tbe titie: Methodik der EiystaU- 

Bestimmung.] 1. |Ntrt, Wien, 1883. 8vo* 
Bbowit, J. Campbell. Practical cbemistry. Analytical tables and 

exercises for students. 2d edition. London and Liverpool, 1883. 
Bbowne, G. Latham, and 0. 6. Stewart. Beports of tiiaU for mur- 
der by poisoning by pmssic acid, strychnia, antimony, arsenic, and 

aconite, inchiding the trials of Tawell, Pahner, Dove, Madeline 

Smith, Dr. Pritchaitl, Smetburst, and Lamson. Loudon, 1883. 
Dkbray, H., et A. Joly. Oours de chimie. Paris, 1882-'83. 8vo. 
£d£R, J. M. The chemicnl effect of the spectmrn. Translated and 

edited by W. de W. Abiiey. London, 1883. 
Elsneb, F. Grundriss derpbarmaceutiBcheaCbemie. 3. edit. Berlin, 

1883. 8vo. 

Encyclopaedic cbiuiitiue publir souy la direction do Fr<imy. Vols. ll, 
sectioii 2j Y, section 1, part Ij v, section 2, parts 1 and 2j YIII, 
section 2, part 3; ix, section 2, part 1. Paris, 1883. Svo. 

BRasL, B. NonTeanx ^l^ments de chimie mddioale «t de diimle biolo* 
giqne, avec les applioationa ik Thygi^ne, db la m^decine legale et 1^ 
lapharmaoie. 2« Edition. Pane, 1883. J2mo. 

BrubhxbtbBi E. Lehrbnehderor^uiiecIienOheinie. Leipsigi 1867* 
^. 8yo. 

Fbnton, H. J. H, Notes on qnalitatiTe analysiBi condae and explana- 
tory. Oambridgey 1883. 4to. 
FUBOX, H. Ueber die Ohemie in Ihier Bedentnng ffir die Qesondbeits- 

pflege. Berlin, 1883. 8vo. 
FoTE, J. c. Chemical problems. UTew and enlarged edition. • Neir 

York, 188:3. 16mo. 
Fb&my. Ilistoire de la chimie; d6yeLoppements et progrte x^oents. 

Paris, 1883. 8vo. 
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GabbA} L. Tnittato dementare di chimica inorgairicft ed <Mrganica. 

MUano, 1888. lOmo. 
OiRARDm, J. Le^Ds de cbimie ^I^mentaiie appliqn^ anz arts indiis- 

triels. 6« Edition. YoLm. Paris, 1883. 8vo. 
Gladstone, J. H., and TsraSy AunasD. The ebemiatry of the seootid* 

ary batteries of Plants and Faure. LoudoD^ 1883. 12mo. 
Gbaham Otto^s ausfiihrlicbeH Lehrbuch der anorgauiachen Chemie. 

Keu bearbeitet xou A. Micbaelis. 5. edit. Abtbeilnng in, part 1. 

Braunschweig:, 1883. 8vo. 
Gbai^^deai , L. Traite d'auaiyse dea mati^rea agrioolea. 2 edition- 
Nancy, 1883. 12mo. 
Grimaud, M. dotations ot theories chiiniques. Paris, 1883. 8vo. 
Hampe, W. U« ber die Aualyse <1<T Spreug«tolie. Berlin, 1883. 4to. 
Handwiirterbuch (Neues) der CIh inie. Heransgegeben von H. von 

Fehliug. Lieferung 44. Braunschweig, 1883. 
Hakuwich, T. F. Manual of photoi>:raphic chemistry-, tlieoretical and 

practical. Edited by J. iruiii Taylor. Otb edition. Loiiduu, 1883. 

12mo. 

IIaussknecht, O. Lehrbuch der Chemie uud eheuiibcheu Techuologie. 

Hamburg, 1883. 8vo. 
Heppb, G. Haoawirthachaftliobe Ohemie. Hamburg, 1883. 8to. 
HoFMARN, A. W. Znr Erinnemng an Friedrieh Wdbler. Berlin, 1883. 
8vow 

HOFKKANN, Fbbd^ and Powbb, Fbed^ B. a manual of ohemieal 

analysis as applied to the examination of medieinal chemicala. 3d 

edition, grealily enlarged. Philadelphia, 1883. loy. 8to. 
HoBsnr-DttOM, P. Obimie indnsfrielle. La fiSenle, Tamidon et lean 

d^iv^. Fabxioation des glncoses. Paris, 1883. Svo. 
jAHEg, J. William. Kotos on the detection of the adds (inorganic 

and organic) usnally met with in analysis for the use of labom- 

tory students. London, 1883. 
Johnston, J. F. W., and G. A. Gameron. Elements of agricultoial 

fhemistry and geology. 13th edition. London, 1883. 12mo. 
Kmuth, p. Lehrbach der Gbemie fur M aachiuisteu und Torpeder. 

Kiel, 1883. 8vo. 

K.OENia, J. Ghemie der lueuschlicheu Naiiruuga- uud GenassmitteL 

Berlin, 1883. 2 parts. 8vo. 
KoLBE, n. KnrzesLebrbuch der orgauischeu Ghemie. Braunschweig, 

1883. 8vo. 

KoppEsoHAAR, W. F. Leerboek der chemie en van eenige barer 

toepassiugen. Leiden, 1883. roy. 8vo. 
Ladenbubg. Haudworterbuch der Ghemie. Breslan, 1883. 8vo. 
IiAiraHOFP, F. Lebrbnoh d^ Chemie. 4. edit Leipzig, 1883. 8vo. 
Latsohenbbbgbb, J. Ennse Anleitong znr qnalitatiTen chemlaeben 

Mineral-Analyse fUr Medioiner. Freiburg i. B,, 1883. 
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Wien, 1883. 8vo. 
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Mills, E. ,J. Destructive distillation ; a luiimialette of the paraflQn, 
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8vo. 

MiTTEBEOOEB, J. Lehrbncb der Ghemie. W]eD|1883. 8vo. 

MoLLBB, J. XTeber den Aleobol. Berlin, 1883. Svo. 

O^BBnm, David. The prat^tieal laboratory guide in chemistiy. Oo< 
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Pattibon, H. M. Ghemista ; heroee of science. London, 1883. 8to. 

Pellet, H., et G. Senoibb. Lafitbrieatiinidaeaere. P«iiB,1883. 8vo. 

Petbemakh, a. Kecherebes de ehimie et de physiologie appUqnte 
l^ragriealtnie, 1872-^. Bmxelles, 1883. 8vo. 

PiNNEB, Adolph. Eepetitorinm der anorganiachen Ghemie. 6* edit. 
Berlin, 1883. 8vo. 

' . An introdnction to the study of orgauic cbemietiy. Trans- 
lated by Peter T. Austen. New York, 1883. Svo. 

PisANl, F., et p. DiRVELL. La ehimie dn laboratoire. Paris, 1883. 

Prbcht, Die Sal^ Indostrie von Stassfort and Umgegend. 
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QuiNQUAUD, E. Trait/^ technique de rliiruie biologique avec applica- 
tions k la pbysiologie, la patliologie, ^ la cUuiqae et 4 la tb6rapea- 
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BicHiEE, M. M. Tabelleu der Kohlenstoflfverbindungen nach dena 
empirischer Zusammeusetzuu^ geordnet Berlin, 1883. roy. 8m 
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BiCHXSB, ViOTOB Y02V. A t6zt*book af ioarganie ohemlstiy. TnnB- 
lated by Edgar F. Smith. Phi]Adelp)tia> 1883. Svo. 

BiSfiDiXE, C H . Ghemical percentage tables and laboratoty calcula- 
tions. iMaiiclicster, 1883. 

BiCH}, A., and W. T. GooLDEN. £aay introduction to chemistiy. Lon- 
don, 1S8.'3. roy. 8vo. 

EiPPER, VV. Practical chemistry ; with notes and questionson theoret- 
ical cbeniistry. Loudon, 1663. Svo. 

BOMEOIALLI, A. noiitribiizionc alhi teoria della fcriueutazioDe acotica 
0 alia fccnologia d< ll' acctificazione. Homa, 18.S3. Svo. 

Roth, E. Die Cheuiie <1( r Kothwcine. Heidelberg, 18<H3. Svo. 

Boux, J. P. La fabrication lie i'alcool, la rectificatioU| etc. Paris, ld8J. 
8vo. 

SAITNIEE, E. Tableanx RyntliC'tiques do chimie atomiqae, tb^rique et 
pratiqne, avec les pruprietes ])hysujlui;iques ct toxicologiqnes, les 
r^actifa, contre poisons, usage, details de manipulations, etc. 3 edit. 
Broxelles, 1883. 12mo. 

Sbbiziolo, H. Trattato di ehimica geuerale inorguiica ed organica 
eaposto sotto il pnnto di Tista della dottrina modema. UTapoli, 
1883. 8to. 

ScKAEDLESy O. Die Technologic der Fette und Oele dea Thier- ond 
Pflansenreichs. Berlin, 1883. 8to. 

SOHMELOK, L. Chemistry of the Norwegian North Atlantic expedi- 
tion. Gbristiattia, 1882. loy. 4to. 

SCHULTZ, O. Die Gbemie des Steinkohlentheers, mit besonderer Be* 
rttcksichtigung der kUnstlicben organischen Farbstoffe. Braun- 
schweig, 1883. 8vo. 

SghCtzehbebgeb, P. Traite de chimie g^n^rale comprenaut les prin- 
cipales applications de la chimie anx sciences biologiques et aox 
arts induHtriels. Vol. ill. Paris, 1883. Svo. 

SCHWACKHoFEH, F. LehrbucL der landwirthaohaftlicb-cbemiseheu 
Techuologie. Wien. 18.<^3. Vol. i. Svo. 

SoHWANERi\ n. Lehrbuck der pbarmaceutischen Gbemie. Vol. u. 
Braunschweig, 1883. 

Smith, H. Angus. A centenary of scieuce in Manchester. For tho 
hundredth year of the Literary and Philosophical Society of Man- 
chester (1^581). London, 1883. Svo. 

Spencer, J. Elenu atary practical chemistry and laboratory practice. 
London, 188,3. 12uio. 

Stoddaud, John T. An outline of qualitative analysis for beginners. 
JS^ortbampton, Mass., 1883. 12mo. 

SnrroN, F. Manuel syst^matique d'analyae chimigne Tolum^trique. 
Traduit par G. M6ha. Paris, 1883. 8va 

Tbbsibb, p. Chimie pyrotechnique, on traitd pratiqne des fenx oolor^s. 
Paris, 1883. Svo, 
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^HOMSEN, JuLiuo. Thennocbemisclie Untorsnchungeo. 3 vols. Leip- 
zig, 1882-'83. 

Tkoost, L. Pr^ia de chiuiie. 10 edit PariH, 1883. 

Voi/J A, A. Nozioiii tli chimica. Milano, 1882. 

Ward, (i. M. Cociih ikI of chemistry. Philadelpbia, 1883. 12mo. 

Watts, Henry. A iiianualol cUemistry. Vol. i. Physical aud inor- 
. ganic. Loudon, 1883. 

WBB8TKB, B. Untlines of diemlstry for agricultural colleges, pub- 
lic and private aebools, and individual learoera. 'Sew York, 1883^ 
32dio. 

Wehiibb. Ldtfiid6QderCbemie,Tnitbe8onderepBerlick«ichtigimgder 
landvirtbaobaftliehen Gewerbe. Berlin, 1883. 8vo. 

WsNOHdFFBB, L. Lebrbnob der anorganiaeben, reinen nnd teobni- 
eoben Cbemie anf Grundl^ der neneeten Foxaebungen nnd der 
Fortscbritte der Tecbnik. I part. Stuttgart, 1883. 8vo. 

Wbsblsky, p., nnd B. Benedikt. Dreissig Uebougsaufgaben als 
erste Anleituug snr qoantitativen AntUyse. Wien, 1883. 8vo. 

Will, H. Anleitongsnrebemiscben Analyse. 12 edit. Leipzig, 1883^ 
8vo. 

■ . Tafein znr quaUtativeu obemiscben Analyse. 12 edit. Leip- 
zig, 1883. ' I 
WiSSER, John P. Chemical manipulations. Course of sciences ap- 
plied to military art. Pri uted at the United States Artillery School, 

Fort Monroe, Va. 1883. roy. 8vo. 
WiTTHAUS, A. The Medical Student's Manual of Chemistry. 1883. 
Woodward, C. .T. Arithmetical chemistry, or arithmetical exercises 

for chemical students. London, 1883. 8vo. 
Weoblewski, 8. VON, und Olszewski. XJeber die Verfliissigung des • 

Sauersti^B nnd die Brstaming des Sebwefelkoblenstoffes und Al- 

oobols. Wien, 1883. 
WmtTZ, AooLPHB. Dietlonnaire do cbimie pore et appliqn^ Sap- 

pigment Fa8e.3. Paris, 1883. loy. 8vo. 
WuBTZ, ApoXtFHB. Le$oii8 dldmentaires de obiuiie modsme. Sedition. 

Paris, 1883. 

21BK01EBLB, M. Gmndriss der Gbemie nnd M ineralogie. Baob den 
neueston Ansicbten der Wissenscbafb Mr den tTnteiricbt an lfit> 
telschulen, besonders Gewerbe-, Handels- and ReaLsobnlen bear- 
beitet 1 part Braansobweig, 1883. 8vo. 

NEOBOLOGY OF OHSMISIS, 1883. 

Dr. J. LAWBSNOB SsoTH, of Louisville, Ky., died October 12, 1883. 
Dr. Smitb was bom near Obarleston, 8. C, Deeember 16, 1818; was 
graduated from tbe University of Virginia, and from tbe medieal de- 
partment of tbe University of Sontb Carolina. In early life be followed 
the profiMsion of civil engineer, bat aUterward tnmed bis attention to 

/ 
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chemistry iiiid ininoralo^'y, njnldn^ ulso a specialty of meteorites. He 
wjKs tlie iiivetitijr of tin* iiivciUMl microscope, so useful in the study of 
chenucal reacti«»i!s. lu 18.>1 he was elected professor of chemistry in 
the Uuivoi^ity ut \ irji^iniu, aud later to the same chair lu ihv Mi ;il 
College at Louisville, Ky. Daring his later years he was the chemi^it 
aud supi I iiiU iHleiit of the Louisville Gas Works. 

Dr. Smith's original coutributious to chemistry and mineralogy are 
numerous and important; with the smaller pai>£rs they aggregate 
nearly one baodrecL He published his collected researches in 1873 in 
an 8vo volntue of 400 pages. These emfirace several papers on emery, 
of both Chester, Mass., and of Asia Minor; several memoirs on meteor- 
ites, describing more than twenty*llye different specimens, and valu- 
able papers on analytical methods with which his name will always 
be associated. Dr. Smith was a member of many learned societies, and 
received high honors from several Saropean Govemmente. 

Dr. Leonard D. Qaim died in Washington, D. October 22, in 
his eighty-fourth year. Dr. Gale was a chemist and physicist and 
aided Prof. S. F. B. Morse in his early experiments in telegraphy. 

Charles IIerbert Hutchinson, a pharmaceutical chemist, died 
in London in Ajnil, nged 24. Tie published several original researches, 
and at the time of his deatli was assistant to Professor Armstrong at 
the London Institution. 

Fetee Spence, born at Brechm, Scotland, in 1806, died at Old 
Traflford July 5. 1883. He founded the Pendleton Alum Woi ks, near 
Manchester, whicii were the largest in the world, bein}? capable of 
prodneing 1*(>0 tons of alum per week. Mr. Spence twic out fifty to 
sixty i)atent8, nearly all for improvements iu chemical processes. He 
wan aocoiinted one of the best practical chemists of the day, obtaining 
this distinction by hard work in the laboratory. 

Dr* James Yotmo, the distinguished industrial chemist of Scotland, 
died near Glasgow, May 14, 1883, in his seventy-first year. His name 
has long been identified with the paraflin industry, in which he amassed 
great wealth. ^ 

John Elliott Howabd, a well-known chemist of London, died in 
November, aged seventy-six yeazs. 

Dr. Abtbub F. Taylob, professor of chemistiy in the Case School 
of Applied Science, Cleveland, Ohio, died sadd«Dly in IfeW York City, 
Jane 28, aged thirty-two years. Dr. Taylor was bom in Andover, 
Mass., December 10, 1853, was graduated at Dartmouth in 1874, and 
at th ' University of Gottengen two years later. He took an active 
part in the organization of the (Mse School of Applied Science Mid 
his early death removed therefrom a man of bright promise. 

Dr. Kakl l.T/TiwKr TlElMER, au industrial chemist of Prussia, died 
January ] '», ] ss:>. ]:i imer was born December 26, 1845, in L*»i]>zi*]r. 
In 187") lit' aiade the neat discovery that salicylaldehyde results trom 
the action of chloroform on phenol in the presence of allLalies. 
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Trof. WiLUiiLM Weith, of Ztirich) who died November 29, 18S1, i» 
honored with a full obituary aud portrait in the Berichte der deutschen 
elMiiM^ji QtteUtoha^ for 1882. Weith was born at Hombarg May 9, 

Prof. YiNms Klbtzdibkt died Maioh 18, 1882. He was bora July 
1^ 1898, in Chttenbnmn^ Lower Anatria. A fbll notioe of hia life and 
labors ia pabliahed in the BwiokU iUr 9imMm ekmMm GeMtehtfi 
fiDrl882. 
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RECENT PROGRESS IN CHEllISTRY. 



(1.) To many intelligent and c ultivaietl persons not specifically 
instructed in chemistry, this wonl recalla confused memories of 
colored liquids, glistening crystuld, dmtWng flames, snffocating 
fames, intolerable odors, startling esplosioDS, and a chaos of 
mvst ifyi iif^ experiments, the interest in which is proportional to 
the danger supposed tu at tend their exhibition. Further remi- 
uiscuaces are of many singular objects in wood, metal, ghiss, and 
earthenvrare, of flasks and fnnnels, of retorts and condensers^ 
furnaces and crucibles, together with bottles innumerable filled 
with solids, lirpiids, and gases, the whole paraphernalia connected 
by glass: tubes (if eccentric curves, and disphiyed in inextricable 
confusion and meaningless array. Behind this chaos arise vague 
memories of one discoursing learnedly in a i)olysyllabic jargon, 
and attempting to explain the unusual phenomena by the aid of 
aljstnise liypotliescs, Imt utterly failing to remove the sensations 
of awe and of mystery bordering on the supernatural wiiicli over- 
whelm the hearer — impressions that have clung to chemistry 
CTer since its entanglement with the superstitions of alchemy, 
astrology, ami the **black art.'* 

Persons who undertake tojrain thiouorh eheuiical literature a 
knowledge of what chemists are doing in and for the world, en- 
counter a discouraging nomenclatnre which repells them by its 
apparent intricacy and its polysyllabic character. Their opinion 
of the terniinology of an exact science is not enhanced wlieii tliey 
learii that " black lead eonLaiiis no lend, ^'copperas'' contains 
no copper, ''mosaic gold" no gold, and ''German silver" no 
direr; that "carbolic acid" isnotanaoid, ''oil of Titriol" is 
not an oil, that olive oil is a ''salt/' bat "rock oil " is neither 
an oil nor a salt; that some sugars and ■^ome kinds of wax are 
alcohols; that "cream of tartar" has notiiing in commo]! with 
cream, **milk of lime," with milk, " butter of antimony with 
butter, "sugar of lead'' with so^, nor "lirer of sulphur" 
with the animal or^n from which it was named. 

Readers of chemical writings sometimes fail to ap]ireci;itc the 
Advantages of styling boroxj " di-meta-borate of sodium/' or of 
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callmg oommon alcohol "methyl-carbinol/' and they ignore th& 

enphony in such words as pentamethyldianiidothioaiphenyl- 
amindiiodometbylate (a substance begotten and baptized by X)r. 
Albert MaaBen). 

Those whose chemical education consisted in attendance on a 
course of lectures illustrated ])y experiments performed in their 
presence, interspersed with occasional recitations from a prosaic 
text-book which taxed tlie memory in true Chinese fashion, may 
be pardoned for retaining VC17 hazy impressions of the true ehar- 
acter of the acience. On the other hand, many thinking and 
reading: persons Tccognize the magnitude of tlie scope and o]icr:i- 
tions of clicmistry, and have some appreciation of its beneiits to 
mankind. 

(2.) The fields of chemistry explored by sealons inTestigatora- 

are prodigious in extent and diversity; in its yarious sections, 
analytical, agricultural, j)harmacentical, physinlo^ical, and tech- 
nological, it yields fruit of infinite value to the human race, and, 
co-o^)eratin^ with other sciences, produces results which promote 
ciTilizatlon m the highest degree. So rapidly are new methods of 
cnltiTation applied to these nelds, so numerous and active are the 
workmen engaged in tilling them that the harvest is too abundant 
for mental storage, and tliosc who survey tlie operations at a dis- 
tance are quite unable to apprehend the products. This ina- 
bility to follow the advances made by chemical science is felt not 
alone by those whose imperfect and non-technical training has 
illy fitted them for the task; even the specialist stands aghast 
at the prospect, and abandoning attempts to apprehend the pro- 
gress made in all departments, confines his reading and research 
to a limited number. 

The twelve principal Chemical Societies of the world have an 
aggregate membership of over eight thousand;' nearly all of 
these members are actively contributing to the advancement of 
chemical science, publishing their results for the most part in 
periodicals especially devoted to the sab]|ect. Excluding Trans- 
actions of Societies, and Journals of Physics and Pharmacy, these 
cliemical ])eriodicals issue annually about twenty thousand pages. 
Bearing these statistics in mind, are we not justified in feeling ap- 
palled at the idea of presenting within the compass of an even- 
ing's address a review of Recent Progress in (chemistry? Any 
attempt to do more than glance at a few salient points is obvi- 
ously out of tho qne^tini, '*Pecent" time will of necessity be a 
somewhat vunabio quantity, its limits being deturunned by ex- 
pediency. We shall also endeavor to bear in mind tiie fact that 
we address an audience not exdosively composed of professional 
chemist^. 

(3.) Much interest is commonly attached to annQuncemeuts 
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•of new forms of matter; fin interest out of ]>roportion jiei-haps to 
the real valuo of tlio discoveries. During the last nine years 
chemists liuve not fuiled lu sustain this interest, for tiiey have 
proclaimed no less tl\an thirty-one tiev elementary bodies. 
The ambition of tbts* ( hcmists, however, has been greater 
than their accuracy, for of tiiese thirty-one bantlings but 
five or six have survived tlie scrutiny of the dociors, two or 
three are now in precarious health, and the remainder iiuve been 
bnried or cremated without ceremonies. Of the yontbfnl stir- 
TiTors comparatively littlf s known; their character is being 
severely tested, and llieir luturo destiny and utility is yet uncer- 
tain. Tl»e extreme rarity of tlie minerals in which the new ele- 
ments have been detected, the excessively small percentages of 
the new ingi-edients, tlie extraordinary diMcalties attending their 
separation from known substances combine to render the in- 
vestigations laboi ioits, protracted, and costly. From twenty-four 
hundred kilogrammes of zinc blende, Lecoq de Boisbaudran, 
the discoTerer of gallium, extracted sixty-two grammes of the pre- 
cious metal; compared with this element, therefore, gold is both 
abundant and ciieap. Ytterbium, Scandium. Samarium, Tiiul- 
ium, njid the rest will long remain mere chemical curiosities 
known to but few; probably the most sanguine will not claim 
ior them a futare place among substances of economic value.' 

(4.) Hut of far greater importance than the elements them- 
selves is tlie marvellous delicacv of the incatH used in detectiuir 

ml ^3 

and isolating them. When Bunsen :nid Kircliiiof presented to 
scientists the instrument which combines the penetration of a 
telescope with the power of a microscope magnified an hundred- 
fold, they were enabled to disclose nature's most hidden secrets. 
The new elements have been traced to their hiding-places, tlioir 



years ago, William Grookes, who had already discovered tha1h*um 

by the aid of the spectroscope, announced a novel and remarka- 
ble extension of the power of this instniment. Crookes* found 
>tlmt many substances, when struck by the molecular discharge 
fiom the negative pole in a highly rarefied atmosphere, emit 
{>hosphore8cent light of varied intensity. Having observed nnder 
these conditions a bright citron-colored band or line, he pursued 
•the substance prod iH'inL': it. and. after a laborious setufb. found 
that it belonged to yiuium. {Subsequent studies biiowed tiiis 
modiBcation of spectrum analysis to exceed in delicacy all known 
teats for the rarer earths ; yttrium can be detected when pres- 
ent in one millionth prut. Within a twelvemonth, Crookes has 
made known tiir application of radiant matter spectroscopy to 
■samarium ; the deiiuicy of this test surpasses that for yttrium. 
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aud the anomalous behavior of tbe mixed earths yields phenom- 
ena "Avitliont precedent,"* 

About the same date as the later commnnication by Crookes, 
Lccoq de Boigbaudniir publislied a method of obtaining what he 
terms reversion spectra/' which is practically the same in effect 
as that of Crookes. The French sarant finds indications of two- 
new elements in certain brilltatit lines, but Crookes dislinetly 
warns us tl)at ** inferences drawn from spectrum analysis per se 
are liable to grave doubt/' and "chemistry after all must be the 
oonrtof final appeal.*' Crookes' reflections on the sufficiency of 
spectrum observations as criteria of the elementary character of 
bodies are justified by the experience of many, notably of Sorby, - 
whose pseudo jar^ouium is well remembered. This difticulty 
arises especially with absorption spectra, and neglect of the warn- 
ing ffiTen by Sorby has led several chemists into fmitless re- 
searches. 

(5.) When Dalton, tlie Manchester schoolmaster, added to 
the atomic tlieory of the Greeks the laws of definite and of mul- 
tiple ^uo]>artions, he transformed an ''interesting intellectnal 
/ plaything " into an exact scientific theory ca))able of experimental 
drnionstration. The importanro of n?certaining the atomic 
weiglits of the elements with tlie utmost accuracy has stimulated 
chemists to apjdy to the ])roblem their best endeavors ; and us the 
methods of analysis become more refined the determinations are 
again and again repeated, every ascertainable and imaginable 
source of error being carefully eliminated. Beside the experi- 
nientnl repetitions, the li:_Mires ol>tained by various observers liave 
recently bteii babmittcd lo careful re-calculations by Clarke/ in 
this country, and soon after by Lothar Meyer and Senbert,' 
in Germany. Their labors give chemists the latest and most re* 
liable constants, 

Tlie iirevailin?, though partly unacknowledged, adherence to 
Proul*s hypothebis, leading chemists to prefer whole numbers (or 
at least even finctions) for the atomic weights, is liable to result 
in confusion and perplexity. Stas demonstrated that the atomic 
weight of oxyiren is iiot quite sixteen times as great as that of 
hydrogen, but that when H = l, 0=15.UC. The tendency to dis- 
regard this difference of is unfortunate, since important errors 
in calculations, based on organic analyses, might result there- 
from. Lothar Meyer and Seubert show that in the analysis of 
compnmids of carhon and liydrogen, the error introduced by 
making 0=1C is greater than the errors of observation, and in 
the analysis of a body belonging to a homologous series doubts 
might arise as to the identity of the body onder examination.* " 
Of course, the formula of a body is imt lotcrmined by analytical 
data alone; still, this liability to errors marks forcibly the desira- 
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bility of greater nniformi^ ia the atandard of Talaes for the 

atomic weights. 

Coutrastiug strongly with belief in tlic absolute character of • 
the weights of atoms is the sug^esfcion of Boatlerow and others 
that tlie law of definite proportions is snhject to yariations. In 

1880, Sclintzenberger observed a curious anomaly in analyzing 
some hydrocarbons. lie found that tlie sum of the carbon and 
hydrogen was 101 for 100 pai ts of material^ the result under 
Other oonditions being normal. Bontlerow called attention to 
this, and expressed the opinion that the cliemical Talue of a con- 
stant wciprlit (or ratlier mass) of an clement may vary, and tlnit 
the 80-calIod atomic weiglit of an element may be simply the 
carrier of a certain amount of chemical energy which is variivble 
within narrow limits. At a meeting of the Onemioal Society of 
Paris, wiiere Professor Wurtz presented a summary of tlie views 
of Bontlerow, an interesting discussion followed ; this sub>e- 
quently drew from Prof. Josiah P. Cooke, of liai vaid, a commu- 
nication in which he shows that he had expressed similar views 
more than twenty-five years before. As early as 1855, he had 
questioned the absolute character of the law of definite propor- 
tions, and had suggested that the variabilitv wjus occasioned by 
the very weak affinity betweea elements manifesting a iluctuating 
composition. These specnlations are interesting to theorists, bat 
do not seriously impugn the status of chemical philosophy.' 

(G.) For many years, chemists have dimly perceived the proba- ■ 
ble correlation of the ])r()pt.'rt ios of the elementary bodies and 
their atomic weights. Duniiis pointed this out for certain marked 
groups, NewlanoB** emphasized it; bntit remained for a Bas- 
sian chemist, Mendclejeff," to establish, in 18G9, a law of great 
importance. Mendelejeff showed that if the elements are grouped 
in the order of their atomic weights, it will l)e found that nearly 
the same properties lecur periodically throughout the entire 
series. This so-called Periodic Law is more concisely stated 
thus: The properties of the elements arc periodic functions of 
their atomic weights. The accuracy of the deductions based on 
this law is strikingly shown by the fjict that Mendelejeff, finding 
an unfilled blank in the periodic system, boldly announced the 
the general and special properties of the element awaiting dis- 
covery; six years later, Lecoq de Boisbaudran discovered gallium, 
an element which prove<l to have projwrties almost identical with 
those of the hypo the ticai eka-aluiainium described by Mendele- 
jeff. And in 1879, the accuracy of Mendelejeff's prophecy was 
further confirmed by Nilson's discovery of scandium," thecoun- 
ter])art of the hypothetical ehahor. Eka-siUcon, though yet to 
be discovered, may almost be regarded as a known element, 
so fully have its properties beeu predicted.'* 
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^ The correlation Ijctween atomic weights uikI physical proper* 
ties is being extended, and now embraces the fusibility, boihng- 
^ points. (Teneral affinities, eolor, occurrence in nature, ])hy8iolo- 
gicai functions, and many other factora.'* Dr. Caruelley,'* who 
has been active in developing this subject, at the Aberdeen meet- 
ting of the British Association, proposed a " reasonable explaiMp 
tioii " of the periodic law;'* ho rep^ards tlie elements com- 
pounds of carbon and aJtlier, analogous to the hydrocurbuu 
radicals, and suggests that all known bodies are made up of three 
primary elements, carbon, hydrogen, and sether—an assnmption 
which cannot be disproved. 

In recent years the perirtdic system has exerted noteworthy in- 
fluence on the classification of the elements and their com- 
pounds. It is of positiye utility in determining unsettled ques- 
tions concerning new and rare elements, and is destined to 
maintain a lasting hold on chemical piiilosophy. 

(7.) The (juesiion whether til" known elements are truly pri- 
mary forms of matter has long oceupied the thoughts of chemists, 
and the problem constantly acquires now featnim The infln- 
dice of high temperatures on the spectra of the metals has been a 
fruitful source oi speculations. In 18TS, the Knglish astronomer 
and physicist Lockyer'^ announced tlie discmery of the resolu- 
tion of tlie elements into one primary matter; but when Lock- 
yer's ])aper was read before the Koyal Society his discovery proved 
to be little more tiian a hypothesis, and that not a new one, he 
having been virtually anticipated by Professor F. W. Clarke, of 
Wuohiiigiun. However, Lockyer'f? li v]Mitlu'si5? was based in part 
upon expeiinieiitul evidence. After ciimuiuLiiig coincidtiuces in 
the lines of the spectra of yarions metals, dne to impurities, so 
large a number of identical lines remained that he advocated the 
assumption that tbe.^e arc produced by a primary matter com- 
mon to the so-called elements. He pointed out that in the hot- 
test stars, Sirius for example, hydrogen only is present, and 
argued that at extremely high temperatures the so-called ele- 
ments are broken up into hydrogen, the ultimate matter of the 
universe. Lockyer's announcement excited, temporarily, n lively 
interest, but his views are not regai'ded as supported by sutlicient 
evidence. 

More recently, the doctrine of "structure" has been bor- 
rowed from organic chemistry, and a])p]ied to tlio elementary 
bodies; the relations existing between the elements is so similar 
in many respects to the relations between the hydrocarbons in a 
. homologous series, that the elements have been regarded as com- 
pounds of carbon with an unknown primary form of matter. 
Experimental evidence is lacking, bat the hypothesis takes a 
plausible form. 
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Dr. Carncllcy, as elsewhere stated, suggests that elements are 
•compounds of hydrogen, with the all-pervading sether of the phy- 
sicist; but we venture to remark that attempts to explain the 
nature of elements by assuming them to be compounds of hydro- 
gen with a substance whose very existence is itself assumed^ is^ 
perhaps, an intellectual amusement, but not likely to advanoe 
the exact sciences. 

During the past year an Austrian chemist ha8 announced the 
■deoomposition of didymfum by purely chemical means, and the 
discovery of prascodym i nn and neodymiam as its constituent 
elements." An Enp;liHh chemist claims to have evidence of the 
existence of un allotropic form of nitrogen.'"' Both these state- 
ments await contirmatiou. 

(8.) The views of chemists concerning the nature of affinity 
and chemical action are undergoing modifications destined to 
wield an important innuence on the science in the near future. 
The notion has prevailed, thongh not distinctly formulated, that 
the chemical attraction exerted between unlike atonic its a supe- 
rior sort of cohesion, powerfnl and absolute; and this force was 
thought to operate between two element aiy bodies directly, with- 
o!ir rtio intervention of a third kind of matter. That this so- 
called alVinity is radically affected by phypicul state, by heat, and 
by electricity has been admitted, but the conviction is growing 
in the minds of chemists that many circumstances influencing 
the union and separation of elements have been overlooked; they 
are beginning to I»C'lieve that chemical action does not take place 
between Iwo suhdtances, and that the presence of a third body is 
important, if not, indeed, indispensable. Many years ago the 
word catalytic was coined to describe certain isolated phenomena 
little niidt rstood. These phenomena are familiar to chemists, 
and the number is increasing; the word catalytic is, however, in 
disfavor, and the term contact-actions is now current. The well- 
known inflnence of finely-dirided and heated platinum in effect- 
ing the union of sulphur dioxide and oxygen, and the action of 
metallic silver in decom|>o8ing ozone without itself undergoing 
any change are exam j>le.«. In these and .similar changes one of 
the substances indispensable to the reaction remains unchanged, 
And its rdle cannot be expressed in equations. 

Bulongand Thenard, " more than sixty years ago, showed that 
the temperature of ignition of a mixture of hydrogen and oxy- 

fen is lowered to a remarkable degree l>y the ])resence of solid 
odies of varied nature. Within a few months, Menschutkin 
-and Conowalow '* have made a study of the influence of asbes- 
tos, glass, and other bodies on the decomposition-temperature of 
many organic eo?n]>oiiiids. 

There is another class of reactions in which one body acts 
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upon another only through the aid of a third, which maintain* 
its identity at the close of the reaction, yet is known to be de- 
composed and recomposcd successively lliroughout the operation. 
By heating a relatiTely small quantity of coWtons chloride with 
bleaching ^wder, the latter is wholly decomposed, yielding cal- 
cium chloride, water, and oxyg;cn. yet at the close of the reaction 
the cobaltons oxide is found unaltered. It has been slmwn that 
it is successively decomposed and recomposed during the opera- 
tion. In their inve8ti(2:ation on "Simultaneous Oxidation and 
Ifednction by means of Hydrocyanic Acid," Profs. Micliacl and 
Pahner" consider it probable tliat many of the most ini[)«u tant 
reactions of animal and vegetable life are due to the intercession 
of Bubstanoes whicb undergo change during the reactions, and in 
the end return to their original furnt. They suggest also that 
sonie of these reactions seem to be dependent on substaiiccs ca- 
pable of decomposinu' water into its elements, or into hydrogen 
and hydroxvl ; and when the cliemist can command a reagent 
possessing tnat property at a low temperatare, their imitation in 
the laboratoiy may follow its discovery. 

(9.) That chemically pure zinc is not soluble in dilute sul- 
phuric acid has been known since Faraday's day ; that sodium 
does not combine with perfectly dry chlorine, even if the metal 
be heated to its fnsing-point, wiis shown by Wanlilyn** in 1869 ; 
more recently, Mr. Cowper has found that dry chlorine does not 
attack Di.tcli metal : fix years n^o, ^Tr. IT. P>. Dixon demon- 
strated before ihe Bntisli A>.-^ociat ion tiuit a well-dried mixture 
of carbon monoxide and oxygen can be subjected to the electric 
spark without exploding. In March, 1885| Mr. H. B. Baker ** 
communicated to the London Chemical Society results of his 
experiments on the inflnenee of inoigtnro in the combustion of 
carbon and of phosphorus in oxygen, his conclusions being that 
the combustion of dry charcoal in dry oxygen is iucomplete and 
slower than in ordinary moist oxygen. In the discussion whicb 
followed Mr. Baker's paper, Dr. Armstrong pointed otit the im- 
portance of these new facts in defining more accurately concep- 
tions of chemical action, and suggested that chemical action is 

reversed electrolysis.*' In his address as president of the 
chemical section of the British Association for the Advancement 
of Science (Sept. 10, 1885), Dr. Armstrong furtlier discussed 
this subject, and stated thai the idea conveyed by the ex|)re«Rion 
"reversed electrolysis" is found in the writings of Faraday, 
neglect of whose teachings retards the progress of cbemistrjr. *' 

The influence of low and of high temperatures in retarding 
and facilitating chemical changes is fundamental, bnt "ome phe- 
nomena not generally known may be appropriately nirtit ioned. 
Victor Meyer and linger '* have shown that whereas cliiorino 
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Tiolently attacks platinnm at low temperatures, it is withonfc 

action npon the nictfil between .300'' and 1,300°, and begins to act 
upon thr ?>I:itinnm above the lutter temperature, the action be- 
coming violent at 1,600° to 1,700° C. 

Liquefied atntnoniaat —65*^ does not combine with snlphnric 
acid, but swims on its surface witliont mixing with it."-^ Donny 
and Mureska"'" long ago showed that sodinm retains its luster in 
liquid chlorine nt — -Su®, and quite recently Prof. Dewar demon- 
strated that liquid ux}gen is without act ion on sodium, potassium, 
phosphorus, solid sufphuretted hydrogen, and solid hjdriodic 
acid. He further experimented with other substances normally 
active, and found their affinity at Tery low temperatures de- 
stroyed." 

(10.) Attempts have been made to solve the problem of a gen- / 
era! theory of chemical action by means of the data of electroly- * 
sis and of thermo-chemistry. The subject is farther complicated 
by the phenomena of indiietion, of i>redisposing affinity, and of 
iniluence of mass. Lastly, but not leaat, the term affinity is 
itself used iu a vague way, expressing difTerent ideas at different 
times and by different authors, some writers doubting the expe- 
diency of employing the word at all, and favoring the more 
general expression chemical action. The true UHture of chemi- 
cal action lias yet to bo satisfactorily explained ; only the most 
general conclusions are fairly dednoiblo from the data in hand, 
namely : " that each chemical substance which forms a member 
of any changing ?yptcm exert,^ a specific action on the course of 
the changes which that system undergoes." *' 

Chemists arc begiuniug to realize that many pbenomoua re- 
|(arded as simple in character are in reality quite complex. A 
single example must suffice. From Lavoisier's day until a few 
years ago the combustion of carbon monoxide in the air, or in 
oxygen was l ei^ardL'd as a very simple phouomenoD, satisfactorily 
explained by tiie e<|Uution : 

200 + O, = «C 0^ 
in which two molecules of the gas unite directly with one of 
oxyj^en. producing two molecules of carbon dioxide. In 1880, 
however, Mr. TI. B. Dixon" demonstrated that this reaction 
takes place only in the presence of a(jneoui> vapor ; this necessi- 
tates an entirely different explanation, as indicated in the foUow- 
ing equations : 

(1.) CO + H,0 = CO, + H, 
211, -f O^ = jiU,0, 
that is to say, the carbon monoxide decomposes the water form- 
infl[ carbon dioxide and setting hydrogen free, which latter gas 
unites with the free oxygen and thus reconstructs the water. 
Within ^ twelvemontn, however, Tranbe** has shown that 
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carbon monoxide dors not (Iccompoge water in complete absence 
of air or oxygen, iind hence Dixon's first equation does not rep- 
xesent a fact. Traube also finds that when moist carbon mon- 
oxide and oxygen are united by the electric spark, hydrogen 
peroxide is an invariable product, and hesaggeste the followmic 
•explanation of the reaction : 

(1.) CO + 211 O + CO (OH). + H.O. 

(2.) CO + hA = CO (OH), 
(3.) 200 (OH), ^ 200, + 2H,0. 

These equations may be iiitr rprcicil as follows: "When the 
electric sj)ark is passed lliroui:ii a inixtine of carbon monoxide 
and oxygen in the presence of a(iueoua vapor, the first products 
are true carbonic acid and hydrogen peroxide; the latter at once 
oxidizes the carbon monoxide, forming a second molecule of car- 
bonic acid; and, filially, the two molecules of carbonic acid are 
deconjposed with tiie formation of carbon dioxide and water. 

If Traube's views be sustained, it is evident that so simple a 
matter as tlie combustion of carbon monoxide has long been mis- 
understood, and disregard of the presence of moisture has led to 

eiTonooiif' conclusions.** 

Chemists sometimes marvel at the blindness of the alchemists 
who, though familiar with many chemical processes in which 
gaseous bodies were erolved, yet disregarded these important fao- 
tore, and left them foi lah r generations to discover. What will 
future generations lliink of us who fail to take into account ac- 
cessory bodies indispcusable lo chemical reactions of the most 
familiar kind." 

(11.) The speed of chemical reactions is an important factor 

in chemical theory, the study of wliicli has but recently begun. 
Wenzel " long ago held that the atlinity of metals for a common 
solvent, such as nitric acid, was inversely its the time necessary 
to dissolve tliem, and he experimented with small cylinders, 
partly protected by wax. Gladstone and Tribe have made at- 
tempts to jiscertain the rate at which a metallic plate precipitates 
another metnl from a solution, and they annonncea a definite 
law. Prof. John W. Langley" has since shown that, while 
their experimental work was correct, their method was faulty, 
and the results fallacious; he thinks it probable that the trne 
law of chemical action whore one metal precipitates another 
should be thus stated: The tini" 'luring which one atom re- 
, places another in a compound molecule is constant, and the 
total rate of chemical action Taries directly as the mass of the re- 
■«cting bod? in solution. 

In ills address before the Chemical Section of the American 
Association for the Advancement of iScience, at Philadelphia, 
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Professor Lnngley ** discussed the problems of cLoniioal dyna- 
mics, and pointed out the ricli ptoro of promise in this neglected 
field. Physics deals with three quantities — space, mass, and 
time. Chemistry has too long been content with studying the 
chanj^ of matter in terms of space and mass only, that is to- 
say, in units of atomic weight and atomic volume. The dis> 
covery of a time-rate for the attractions due to affiuitv is des- 
tined to throw new light on cliemical science, and to render it 
capable of mathematical treatment. 

(12.) A prodigious amount of work has been done in thermo- 
cliemisti y, and within a few years, the multitude of isolated ob- / 
servutions have been collected, c!a?Hi(ied, and made available. 
The importance of this undertaking will be more appreciated in 
the future than it has been in the Immediate nast. 

In all cases of chemical change, energy in tlie form of heat is 
either developed or absorbed, and the amount is as definite in a 
ffivcn reaction as aie lUv weigiits of the .suljstances concerned; 
hence, measurement of the quantity of heat set free or absorbed 
in chemical reactions often enables the chemist to determine the 
trne nature of the change. For example, the exact condition of 
certain bodies in solution cati only 1)0 (•onjeetnred from certain 
pliysical ciiaracters, few and ili-dutined; but by thermic methods 
of investigation the bodies formed can be accurately ascertained. 
This is accomplished by referance to the law of maximum work. 
''In any reaction, those bodies, the formation of which givea 
rise to the greatest development of heat, are formed in prefer- 
ence to others." Thus the thermometer alone in skilful hands 
determines the a jjriori necessity or impossibility of a reaction.** 

Berthelot," in Paris, and Thomsen," in Copenhagen, hate 
pursued the subject of thcrmo-chemistry witii indefatigable- 
zeal, and their published resnl's f-M-m monuments of exhaustive 
research. "By the labors chiotly of those two men, we now 
know the thermal values corresponding to many thousands of 
chemical reactions. We hare learned that the energies of a re- 
action which can be brought about in two methods, either in the^ 
dry way or by solution, differ in the two cases; that salts in so- 
lution are in a partial state of decomposition; that the attraction 
of a polybasic acid radical is not the same for the successive por- 
tions of base added, and that the behavior of a monobasic acid 
in solution di lie rs essentially from that of a dibasic or tribasio 
acid. We also know tiiat the total energy involved in any reac- 
tion is largely influenced by the surrouDding conditions of tem- 
perature, pressure, and volume." 

(13.) Tne interesting border line between ohemistrr and 
physics is an increasing subject of research on the part of both 
the chemist and the physicist. The periodic press ohronicles- 



profound studies of the relations between chemical constitution 
«ad the phenomena of diffusion, of capillariu, of dialysis, of 
disBOoiation, and of the law of iBmorphism. We read investiga- 
tions on the value of the theory of atomicitjr, and on the nature 
of nascent action. Researches in the domain of electro-chemis- 
try, especially in connection with the various forms of storage 
batteries, and in relation to the methods and results of electrol- 
ysis, are of such importanoe as to merit a whole address. The 
press also records namei'ons studies in actinometry, of the rela- 
tions between chemical composition and nuoroscencc and phos- 
phorescence, as well as of ])olychroism, and of the resulrs of 
spectrum observaiiouH. Noteworthy are tiie special applications 
of optical methods to the determination of molecular stmctare, 
Tiz., the relations between chemical composition and (1) the 
refractive jmwer; (2), the power of rotatins: a ray of polarized 
light; and (H), the absorption spectra of both inorganic and or- 
ganic bodies. 

Bruhl has attempted to show that the relationship between re- 
fractive power and molecular structure is dependent on the valen- 
cies of atoms, and on the distribution of atomic interactions. 
Van *t Iloff has developed a hypo! he-is of n crv?t;illon;raphic 
character that cannot be discussed in the brief space at our com- 
mand/* 

(14.) The meeting of the French Academy of Sciences, held 
tlu' d:iy Ijofore Christmas, 1877, was rendered memorable by the 
annoiuiceinent that oxygen gas had been liquetied by two indepen- 
dent experimenters. Previous to that date, hydrogen, oxygen, 
nitrogen, nitric oxide, marsh gas, and carbon-monoside had re- 
sisted all attempts to liquefy them, whether in the hands of the 
skilful Faraday, the in^oni'HH Natterer, or the learned Andrews. 
Physicists an«l ( lieniisis, wiuie admitting the class of so-called 
permanent gjuies, had for many years looked forward to their 
eventual liquefaction, yet the tlnal suocess came as a surprise. 
This success was the result of the enterprise and ingenuity of a 
French iron-master, M. (jailletet, and of a Genevan manufacturer 
of ice-nuichiues, Kaoul Pictet, working independently. In each 
case, the process consisted in simultaneously exposing the gfises 
to a very high preesnre and a very low temperature. Piotet** 
obtained the necessary pressure by generating the oxygen in a 
wrought-iroii vessel ptrf)ng enough to withstand an enormous; 
stram, and the low tcni^^erature was secured by the rapid evapo- 
ration of liquid carbonic acid; Oailletet,^' whose apparatus was 
marked by extreme simplicity, obtained the great pressure by 
means of a hydraulic press, and the low temperature by suddenly 
diminishing the pressure upon the compressed frasea. Descrip- 
tions of appai'atus witliout diagrams are seldom intelligible; in 
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this place they are snperflnons, for we deal with results rather 
than with methods. Being ignorant of the " critiail point" for 
oxygen, boili experimenters employed a much greater pressure 
than necessary. 

Since the initial successes, the problem of liquefying the quon- 
dam permnnent gases has been successfully attacked by several 
experimenters, especial)^' by Wroblewski and Olzewski, whose 
names indicate their nationality/' By employing liquid ethylene 
(which boils in vacuo as low as — 1 50° C. [ — 338** F. ] ) as a means of 
cooling the gases under pressure, botli oxygen and nitrogen, as 
well as atmospheric air have been liquefied at very moderate pres- 
sures. 

Among the interesting results obtained are the following: at 
—lO'-i C. ( — loti°F.), chlorine forms orange-colored crystals; at 
— ll.')'' C. (-17")° F.), liydrochloric acid is a solid; at -118° C. 
(— 18<)°F.), arsenetted hv(li«>frc'^i forms white crvstals; at —129" 
C. (-3G0° F.), ether solid iHes; at-13o U. (-:5o-^° F.), absolute 
alcohol Bolidiees; at —184° 0. (—399° P.), oxygen boils; at - 
191.2^0. (-312° F.), air boils; at -205* C. (-33?** P,), air 
boils /// rarvn. 'I'liese extraordinary t<Mnperatures were measured 
bv means of an hy(]rn:reii t hernioincter. and by a tliermo-pile. 
l^hc lowest temperature uieu.sureil (to dale) is —225" C. ^— ;J73'* 
P.), which was reached by reducing the jiressnreof solid nitrogen 
to 4 mvt. mercury** (Olxewski). Furtlier noteworthy results are 
as foUows: nitrogen wa'=: obtaim-d iti " Miow-like crystals of re- 
marlvaMr size;" the ii(iuofaci ion of air has been ?n rondueted as 
to obiain two distinct liquiths sseparaled by a |ierfeutly visible 
meniscus (Wroblewski)/* and, finally, when hydrogen was sub* 
jected to between loo and 200 atmospheres pressure in small 
ghiss tubes <;nrrounded by oxygen boiling in mem, it condensed 
to coloi le.<s dro])?. 

These noteworthy results are triumj»iis of physics rather than 
of chemistry, but no review of chemical progress can afford to 
omit them; their bearing on the molecular theory of matter 
justifies the space given them. It seems probable, moreover, 
that every known substance on the face of tlie earth will l)e even- 
tually obtained in solid form by the mere withdrawal of lieat. At 
these low temperatures the chemical activity of bodies is greatly 
lessened or ceases, but additional observations most be made on 
this point before attem[)ting ireneralizution!?. 

Experiments of the character deseribetl demand great resources 
and are not devoid of danger; those conducting them will be re- 
warded by undying fame. 

(15.) The progress of chemistry in its more material aspects is 
characterized by the imjiroved and economic production of 
known substances, by the discovery and manufacture of entirely 
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new ones, and by novel appUoations of both these classes as well 
as of waste materials. Tne necessity of utmost condensation 

precludes cnnmcration of even a centesiiruil }»art of tlio processes 
and products, nor would the mere catalogue be ]>rofitablc. Omit- 
ting fur the present the prolific department of organic chemistry, 
' brief mention may he made of improvements in the metallurgy 
of nickel** (now known to be malleable and ductile), of attempts 
to cheapen the production of aluminium," of the revival of the 
barium dioxide procesiS for manufacturing oxygen ou a large 
scale,*' of novelties in artistic keramics, of the indusLnal produc- 
tion and application of the rare metal vanadium, of thesnocessfnl 
introduction of water gas as an illuminating agent, and of Con-> 
stant activity in the fascinating field of ])hotogra])hy. 

No cliemieal luanufactures are more iin])orlant than those 

/'grouped under the name: "Alkali industry-," which comprises 
the production of those adjuncts of civilisation, carbonate of 
soda, caustic soda, bicarbonate of soda, and bleaching powder. 
Conducted by the methods originated by the ill-fated Nicolas 
Leblanc, they have, after a cetiLury's successful career, begun to 
give way to a youthful rival. The struggle to niuintaiu the su- 
premacy of Leblanc's process has been severe, the problem being 
a purely financial one. At first, the profits were made exclus- 
ively on the stula. then the decreasing profits, as well as the neces- 
sity of condensing the torrents of hydrochloric acid, led manu- 
facturers to add to the production of alkali that of bleaching 
powder, and the latter tuen yielded the profits while the soda 
became a byc-product. Sharj^ competition in England and 
Fra!ice ]>nshed prices below profitable production, and capitalists 
with millions involved found their chemical ingenuity severely 
taxed. Various economical methods of recovering waste bye- 
products \v ere adopted, and finally attention was turned to the 
** burnt oil' or '* ]n rites t indi is " obtained in roasting pyrites for 
the sul])bui ic acid; this is now treated for copper, silver, and, to 
some extent, for gold. A Spanish company owning enormous 
deposits of pyrites on the Bio Tinto, plan to establish in France 
alkali works with the intention of deriving their profits solely 
from the rcFidual oxide of iron and tiie cf^pi er. 

Forty-eight years ago alkali inaniifaeturers might have seen a 
cloud arising, no bigger than a man's hand, which gradually 
crew darker and heavier, and now threatens to overwhelm the 
Leblanc process. Dyer and Hemming patented the so-called 
** ammonia process" for manufacturing soda in 1838; Sehlossing. 
and RoUand attemitted to carry it out practically in 1855, but it 
was not found prolitable. The credit of overcoming tiiu pructi- 
esl diffionlties, and placing the process on an economical badsi 
belongs to Solvay, of Brussels, who began to manufacture bo> 
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•called ammonia-soda" in 1866. Commencing with the modest 
yield of 179 tons in that year, he increiised it in ten jears to 
11,580 tons, and iu 1883, about 40 per cent of all the soda made 
on the continent was prodnoed by the ammonia process. The 
■success of the new process h:i^ eoniplclely killed ihe Iveblanc 
method in Belgium, and has caused the closing of iiiany works in 
£oelaQd. A drawback to the new process is that no bycUochlorio 
«oid is produced, yet chloride of Hme is always in demand; hence 
<a high authority. Dr. Lnoge, thinks that in the future the two 
processes will, of iiecess-ity, exist, side hy side." 

(16.) in modern clieinic.il literature by far the greatest 
amount of space is occupied with researches and discoveries in 
organic chemistry. To the non-professional reader the pecnliarly 
technical language, .-ibonnding in words of unusual length, is not 
only incomjirehensilile, l)ut positively foi liidiliiii!:. A vocahiTlnry 
whicli eoiituins such terms as toliiyldiphenykriamidoLitrbiiiul 
acetate and methylorthouionoliydroxvbenzoate does not encour- 
age the casual reader; and when he learns the first-named bodj 
is the dye-stui! communly called magenta, and that the second is 
the innocent oil of wiutcri^reeti. ?!m-pri«e gives way to fi-elings of 
despair. When one is gleefully mf uaied that a disliiiguishcd 
foreigner has discovered that ortliobrombenzyl bromide treated 
with sodium yields authracene, which, heated with nitric acid, 
yields anthraquinone, and tliat anthraquinoncdisulplionic acid 
fused with potassium hydroxide furnishes dioxyaiitliraqninone, 
the lay hearer can lianily he expected to become enthusiastic 
over the announccnieiiL, and yet ihe^e operations conducted 
in the private laboratory of a man of genius have been of 
direct benefit to mankind, setting freu thousands of acres for 
the production of l)readstnffs, and establisliini; industries em- 
ploying a multitude of workmen. In a word, tliese abstruse 
phrases describe the artificial production of alizarine, the valu- 
ftble coloring matter of madder. 

The polysyllabic nomenclature now prevailing expresses to the 
chemical mind the innate structural composition of the body 
named; of late years tiie words are formed by joining syllables 
to an almost indefinite extent, and a distinguished chemist has 
recently urged the advantages of empiric names in place of the 
unwieldy system. Whether Dr. xWm ufc iong'a plea will produce 
a reaction in favor of empiric names remains to be seen." 

(17.) To enter into details concerning the recent progress of 
organic chemistry, and to make them intelligible to an audience 
not composed of weU-read professional chemists, is an under- 
taking of doubtful success; we shall content onrselTes ohiefiy with 
generalities. 

That remarkable product of nature, petroleum, continues to 
occupy the studies of chemists at home and abroad. Newly in- 
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vented methods of fractional distillation have disclosed preri- 
ouslj tinsnspected cotigtitaents and pecniiarities. Lachowitz has 
found in the petroloiun of Galicia several members of the aroma* 
tic series;** ^leIuU•lLJ^•lT lia.s noticed abnormal relations between 
the specific gnivily ami boiling-points of successive fractions in 
distilling American petroleum/* The various commercial pro- 
ducts from erode petroleum, rhigolene, vaseline, paraffin, etc., 
oonHnnally find new and nsefal applications, their names being 
honseho'd words. 
P The industrial and scientific novelties in the important groups 
I of oils and fats, alcohols, and acids, cannoibe S|)ccified. After 
/ cane-sugar, glucose is receiving the most attention; tn the U. S. 
^and Germany are sixty manufoctories of the various grades of 
staich-sncrar. t)io annual home production alone beiti^j valued at 
$10,000, r^oO. (;!ii(>)«c is extensively used as a .^ubstitnto for 
cane-su^ar in tiie manufjicturc of Uible syrup, in brewing, in 
•confectionery, in making arti6cia1 honey, and in adulterating 
<2ane-8ngar, as well as in many minor applications. Recent ex- 
pcrimenr- by Di-. Dnirgan," of Bnlf iniore, show that glucose is in 
no way inferior to ( aiu -?np'nr in iiealt hfulnp^s, .\fncii work Inis 
been done on sorglium by Dr. Peter Collier, " ami tiie first com- 
ixlete examination of maple>sngar has lately been made by Prof, 
wiley," of the ])i parttnent of Agriculture. Lovers of the latter 
sweet will ho td.'a-i d to learn that it can be made bv addin^r to n 
mixture of -hu- o.-^e and cane-su^ar a patented extract of hickory 
bark whicli imitates the desired llavor. 

0- The great demand for higli explosives as adjancts to engineer- 
"^ing, mining, and military operations occtisions constant experi- 

mentation; In -Mrs (lie itivctitinn <>f mere empii'ic mixtures of 
known subsLunceft, eiiielly nitro-c(>mpoun<ls, mucli work is done 
of a purely scientific nature, such as invcsti^atioua uu ilie ciiem- - 
ical reactions and products of explosive mixtures, on tlie heat 
disei u /ed by their explosion, on the pressure of the gases 
produced, and on the duration of the exj)losive reaction. Thanks 
to the ''Notes" of Prof. C. E. Munroe"" of the U. S. Naval 
Academy, chemists are informed of the freshest novelties in this 
department, rendering further mention snperfloons. 
/' (IS.) The researches of chemists in the aromatic series out- 
( wei^h in l)oth number and importance tliose in all other section!». 
The once despised refuse coal-tar has created an eniireiy new 
chemistry, and, in its products and derivatives, is by far the 
most promising field for investigators. The compounds of the 
4iromatic series have afforded some of the most notable successes 
in synthetical chemistry, as well as some of the most useful sub- 
stances for djeing, for hygienic and medicinal purposes. The 
oil obtained m the dry distillation of bones, a snoject of classic 
inyestigationa by Andersoo/' of Glasgow, forty years ago, has re* 
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con tly acquired new interest; ono of its constituents, pyridine 
(C.UjN), lias been obtained in several ways, which show'thut it 
bears the same relatiuri to certain acids derived from natural 
alkfiloids, snoh as quinine, nicotine, etc., that benzene does to 
benzoic andphthalic adds. Theee facts point to tbe possible arti- 
ficial preparation of quinine nt no distant day. This view of the 
constitution of the alkaloids is conlirmod in many ways, notably 
by Laden burg's iliscovery that piperidine, a base occurring in 
p'epner, is hexahjdrobensene. " 

The discovery, by Victor Meyer," of fchiophene, a constitnent 
of coal-tar benzene, having sulphur in its composition, is of more 
than passing interest. Meyer af'sis^nR to thiophene a struci iiral 
formula, which showej iL:i analogy Lo furfiiran and to pyrrol. This 
ia indicated in the following graphic formnlsB: 

H H H H H H 

\ / N / \ / 

C-C C-0 c-c 

/ S / \ / N 

H-C G-H H-0 C-H H-C C-H 

Thiophene. Fmfunui. Pyntd. 

(19.) Professional chemists note with interest the important 
avenues of research opened np by the extension of the ao- 

called ring structure or carbon compounds, and by the intro- 
duction of elements other than cari)Gn into the closed chain of ^ 
atoms. The demoustration by Kekul6, in 18G5, that benzene 
contains a group of carbon atoms joined in aaoh way as to form a 
regular hexagon, h-.a: wonderf ally advanced our knowledge of the 
complex bodies in the aromatic series. 

Numerous bodies are now known wiiose structure is ex|>ref5sed 
by closed chains of three, four, five, and sis links. Dewar " 
was the first, we believe, to show that nitrogen can replace one 
of the carbon atoms of a six-link chain in pyridine, and Hof* 
mann ** hn^ sbn\v!i that three atoms of nirroq-on and threeof car* 
bon unite to iotm a closed chain in melamme : 

H H NH* 

I I I 



H-C 0-H H-C C-H 

H-C C-H H-!!; C-H H>N-£ (i-NH« 

\ ✓ \ ✓ \ ✓ 

C N » 
I 

H 

Benzene. Pyridine. Helamine. 
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It has been a matter of siirprise that no series intermediate. 

between the open chains of the paraffin f^ronp and the closed 
ring of tlie benzene group Inive been made known. Quite re- 
cently, W. H. Perkin, Jr.," in a reniuriiable memoir, has begun 
to fill np this wide gap, and he describes many bodies containing^ 
a three-carbon atom ring, a four and a five-carbon iitom ring. 
The series of possible metbylene-addition products is shown in 
the following scliedulo: 





Di-meUijIene. 


Tii'methylene. 




CH* 
II 

CHt 


H. 

H.G - CHt 




TBtnkmetlqrteM. 


FeatA-inetliyteM. 


BeooiF-iiMllijlans. 


HtC'— CHt 

1 1 
H,C-CH, 


Ht • 

HtC CHt 

1 1 
H,C - CH, 


HtC CHt 

1 1 
H,C CH, 

\ / 
C 
H, 



For details concerning derivatives of the above scries, and the 
remarkable properties of some, wo must refer to I'erkiu's pub- 
lished papers. 

Professor Victor Meyer" has, within a few months, begun 
to investigate tlic possibility of obtaininsf cln>(>(l eliains contain- 
in 2f a irreatcr number of chains Llian six. lie points out that, 
witii the exception of the double rings, sucli as antliracene and 
acridine, only two bodies were known having seven links in a 
closed chain, viz. : 

Ht Hi Ht 

0-C-Cv c-C-C-C 

» ,00 I / 

C-C-C/ C-N— N 

H« Hs Ha 

8uberone and Carbazoetyril, 

Professor Meyer, liowever, obtained bodies haTing nine and. 
twelve links in closed chains, as indicated below. 
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Hi Hs 

s-c-c-s 
I I 

[«C CH« 



I 



Ha IT, H, H, H, H, 

c-c-c-s-c-c-c 
I I 

8 C C C S 

H« Ht H« 



These are anbsfcaaces of little stability, as indeed might be 

expected. 

Professional chemists also .'luknowledge the marvellous success 
in tinrarelli ng the complications of isomerism, and the important / 
aid afforded the study of isomeric bodies of tlie aromatic group v 
by tlie doctrine of orientation. These rather iruhiiioal det:ul3 
can receive, however, bnt brief mention, though a whole .serits 
of lectures could be devoted to the fiiscinatiug topic. Leopold 
•Gmelin, when writing his "Handbook of Chemistry,'* in ISS?, 
requested organic cliemists to stop making discoveries, or else 
he could never fiiii.<li ! Ami diirinir the sixty years whicli hiivo 
clapaC'il, the artivirv in orn^aiiic clicinistrv has been unccusinL^; 
yet tiiu extraordinary number of facts now known is not so great 
as those which the prophetic eye sees disclosed by these recently 
revealed lines of investigation* 

(5J0.) Tlic crownin^: irlory of choinistry is the power of produc- 
ing, in t lie laboratory, from inorganic matter, substances identi- 
cal with those existing in the vegetable aud animal kingdoms. 
Belief in the mysterious vital force operating in living beings re- 
ceived a rude shock at the hands of Wohler, sixty yeiits ago, and 
successive triumplis in syntho'^fs have dispelled it entirely, so far 
as nun-(>ri;;iiiize<i bodies arc cont'crned : ** to-day we know that 
the same cliemical laws rule aniniale and inanimate uature, aud 
that any definite compound produced in the former can be pre- 
pared by synthesis as soon as its chemical constitution has been 
made out." Within a few years chemists have announced the 
synthesis of many acids, essential oils, alkaloids, glucosides, 
dye-stuffs, and other bodies naturally occurring in the organic 
world, and so rapidly do these announcements succeed one 
another that expectation has displaced surprise. Noteworthy are 
the following : alizarine, the valuable coloring matter of mad- 
der ;** vanillme, the aromatic principle of the vanilla beau 
cumarine, the aromatic princi^)le of the tonka bean;'* indigo, 
the well-known dye-stuff unc acid, an animal product tyro- 
sin, likewise a product of the animal organism sjilicine/* da{)h- 
nctine and nmbelliferone,'* natural glucosides and related 
bodies; piperidlne,^' a constituent of pepper; and cocaine, the 
new anaesthetic.^ Besides these, many sj^ntheses bare been 
.accomplished of bodies isomeric and not identical with the 
Jiatural products* 
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The alchemists labored to tranBomte base metals into noble 
ones, and were destined never to realise their ambitions designs; 

mofloni organic choniists, operating on substances compared 
w lii which even the base metals are precious, produce articles 
more beneficial to mankind than gold itself, and, at the same time, 
gain, indirectly, no small store of the coyeted metal. 

(21.) The application of chemistry to ]ihysiology encounters 
the most, cnmplex and difficult i)roblems in the science, and at 
the same time aims to aec()mj)lish the most beneficent results. 
" Tlie physiologist comj>luins tliat probably ninety-five per cent 
of the solid matters of living stractnres are puro nnknowns, and 
that the fundamental chemical changes which now occur during 
life are entirely shrouded in mystery. It if? in order tliat this 
may no longer be the case that tiiestinlv 'if carbon compounds is 
being so vigjorously prosecuted." U njuy seem strange to the 
non-professional in this audience that, ia spite of persistent and 
Bid If ul attempts to solve the problem, chemists are obliged to 
admit ignorance of t!ie vxnct cnm position of so common a eub- 
8tance as the white of e>;g, yet until they ac«|uire an accurate 
knowledge of the constitution of albuminous substances, the 
prooesses of animal economy cannot be explained. While the 
l^liysiologist, in some degree, waits on the organic chemist for 
fnrtlier ilevclopmonts. the lafter discovers and preparcf? novel 
boilie.s much faster than tJio physiologist ascertains their influ- 
ence on the animal economy. To the joint label's of chemists 
and ])hysiologists are due the blessings of ansasthetics, hypnotics, 
and other conquerors of suffering and disease. The anaesthetic 
properties of cocaine, and the circnm stances of their discovery ai"© 
matters of jmpular knowledge. Within a twelvemonth, ethyl- 
urethano has been added to the list of hypnotics. 

In recent years, sanitary chemistry has acquired great im])or- 
tance, and now occupies a distinctly defined field, including all 
that pertain'? to the hygienic value of foods and beverages, their 
adulterations, and their fraudulent substitutes ; questions of gas 
and water su]>ply ; of the nses and abuses of disinfectants ; of 
honsehold ventilation, and of the diverse matters grouped under 
the term chemical engineering-. Of this very practical branch of 
chemical science, as well as of the valuable additions to materia 
medica, of the improved methods introduced into analytical 
■ chemistry, and of toe ever increasing oontribntions to the chem- 
istry of agriculture, no mention can be attempted. 

(22.) The tendency of modern researches in chemistry is to 
magnify the atomic theory; the rai)id accumulation of facts, the 
ever increasing ingenious hypotheses, the most searching exami- 
nations of oo-ordinate laws, all tend to strengthen the Daltonian 
adaptation of the philosophic Greeks. Here and there a voice is 
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Taised affainst the Btayish wonhip of piotoreBqne formn1»; bat 
against tne moleenlar theory underljins^ the symbolic system so 

depicted, few enrnest arguments are atfvanced. Tlie whole aim 
of organic chemistry is directed to the discovery of the arrange- 
ment of atoms within the molecule, and the success obtained 
justifies the hypothesis. The edifioe erected through these aohiere* 
ments, thougn young in yeara, is too substantial to tolei*ate dis- 
plnc'oment of its corner-stone. The absolute truth of the atomic 
theory is beyond man's power to establisli; even admitting that 
it necessitates absurd aasumptions^ it is, nerertheless, indisputa- 
bly the "best existing explanation of the facts of chemistry as at 
present known/' 

A notowMvMi V foahire of cxistins: chemical research the> 
recognition o£ the ncce.s.sity of a more intimate knowledge of tlio 
connection between pliysicjil characters and ciieniicul condtitu- J 
tion. In the past, chemists increased the number of new com- 
ponnds so rapidly, that they often neglected detailed examina- 
tion of their physical properties, their relations to known bodies 
and to each other, preferring to satisfy their ambition by fresh 
discoveries. This race after new bodies still continues, but 
parallel with it are zealous investigators striving after a knowl- 
edge of the innate qualities and bearings of these same bodies; and 
the latter c\as!^ of Rtu dents is gaining prizes no less Yaluable than 
those secured by tiio former. 

Obemists are also recognizing the necessity of a more minute 
study of the simpler phenomena of dieniistry, and it is in this 
direction they look for many laurels in the future. Priestley's 
day of great discoveries by the simplest means lias in one sense 
passed; the opportunities lor isolatiug nine uew gases, or of rec- 
ognizing by chemical tests half a dozen new elementary bodies 
in the space of a lifetime, are gone; only by the em })Ioyment of the 
most delicate ap))liances, by the closest scrutiny of phenomena 
and the conditions governing them. l»v availing themselves of all 
the resources of physics, b^ an unciiinnkin^ expenditure of time 
and of money, to say nothing of the necessity of trained mental 
powers of no low order ana of skilled hands, shall chemists in 
snoceeding generations realize their ambitious designs. 
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(1.) The tnettilienliip in these Sodete is dietrilmted ee fttUowe: 



D'-iit-i hR rlit niische Qeeellschaft zii BitHd , ,. 0.050 

Society of Uliemical Indostry (England) 2,000 

Chemical Society of LmkIoii , 1,800 

S i tu cliimique de Paris... 560 

Institute of Chemistry of Great Britain and Ireland 430 

American (Mu'niical Society 850 

Sori' tv of Pnblic Analysts (England) 180 

Clienucal Society of St. Petersburg 100 

Asaociazione chimico-farmaceatica flcomitinA *200 

Chemical S(»< if>ty of Tokto. Japan 83 

C heinioal Societv of Washington, D. C 48 

AMOoiation of (jfBoial Agricultural Ohemisto (Q. S. A.). . 17 



Total. 8,378 



(2.) Aeit' Elements Annotuioed Sinw 1877. 



Davynm. .... . , 

Neptunium . . . . 

Luvubssium 

Mosandrum . . . , 
Xptt nrtrths". , 

Philippium 

Deotfnaiti....... 

Ytterbium. 

' X." 

Scandium , . 

Nrirwf'^i^ium . . . , 

8hu larium 

Uralinm....* •. 
Barcenium .... 

Thulium 

Holmiura. 

Columbium. . .. 

Rogerium 

Vesbium , 

Com«eium...... 

Yaand Y/J...., 

Actinioni...... 

Di/S , 

Namdeee 

Idunium 

Neodjrmium. .. 
Fraeeodyminm. 
Za 



Platianm oiee . . . . 

Columfaite 

Pyrite. 

SamaraUlte • . • • . . 

UmKiiii r1 mineral. 

SamarBkite 

Samarskite 

Gadolinite 

Gadolinite 

Gadolinite 

Gersdorffite 

Samarskite 

Platinum 

^Ti^iapprehen8ion .. 

(iadohnite 

Gadolinite 

Samarskite 

Samaralute 

Lava. 



Gadolinite. 

Zinc n[\\-^ . . 

tiadolinite. 
Platinum 

Lr;ii'! vanadate. 
Didymium .... 
Didymtum . . . . 
Didymium . . . 
Didymium .... 



Didymii 
Ttafeia.. 



Serj^ius 
Hermaam. 

Prat. 

J. L. Smlfh. 

Gcrl.uii.l. 
Delafontaine. 
Delafontaine. 

Marignao. 
Soret. 
Nilson. 
Dahll. 
Locoq de Boi^ibaudxaiu 
Guyard. 

Editor Wagner^ 
Cleve. 
Clevt 

J. L. Smith. 
J. L. Smith. 

Kaemxuerer. 
Marignae.' 

Pliipson, 
Cleve. 
Th. Wilm. 
Wcl»skr. 
iWelsbach. 
Wefebach. 

jL/T^H] do Boishnttdran. 
iLecoq de BoisUaudrau* 
Leooq de BoWaudran. 
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Elisha North was born in Goshen, Conn., January 8, 1771, of 
Connecticut ancestry. He was a lineal descendant of John North 
(born 1^)15) who is bt'lipved robe the pro^;('niror df al! hearinp the 
family nann' in the Uriitf'! States. .lohn loft Knglaml at rlic age 
of twenty, sailiiiu in the " Susan and Ell<»n," and landinir in Huston, 
h«- NO* 111 iiiaiic his way with odior onii;:rant> to Harttord. wliere he 
did not linger, but seLtled in tLc beautiful valley of Farmington. 
Tljis was in 103.5. He purehase<l a house and lot on the mam 
street of the village, and five years later uiarriHil ; six sons and 
three daughters were born to him between 1641 and I65i). In 
1653 land was entered to him in Farmington, and when the unoC' 
cupied lands in the ancient town were diyided according to their 
lists, John, with bis two elder sons. John and Samuel, were among 
the eighty-four proprietors. He was " made free before the court'* 
at Hartford, on May 21« 1657 (Trumbuirs Public Records of the 
Colony of Connecticut. Hartford, 1850, p. 2d7). He died in 1691, 
aged seventy'Six. 

John North's fourth son, Thomas (born 1649), was one of the 
pioneers in the settlement of Northingikon (now Avon), Conn. He 
was a soldier in the Indian wars, and had a soldier's grant of land. 
In llpS (?)be married Hannah Newell, and they had five sons and 
five daughters; liis sixth child, Joseph (born 169.3), moved from 
Nortliington to Goshen. Litchfield County, where he continued to 
follow the business of his anc<'*tors — farming. Joseph married 
at the age of forty -one widow Martha Smith (being her third hus- 
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band), and tbey bad five childran. The eldest, Joseph Jr., bont 
1736, was the father of the subject of this sketch. JoBeph, Jr., 
developed a talent for surgery and medicine, and though he had 
no r^pilar medical education^ he acquired a considerable medical 
practice. An old chnmicte says: ** He borrowed books and got 
ideas from Dr. Meiga«" and considering the fact that there was no 
medical school in the United States in his youth,* this was the best 
substitute for systematic instruction which could be secured. In 
1770 Joseph, Jr. married Lucy Cowies of Farmington, and they 
had iiiiit' c'hildi-on. Tt is intere«:!iu<: to note that the three eldest 
sons. Filisha, Joseph, and Ethel, inherited the tastes of this self- 
ma^le pliysician, and followed their father s pr^^ifession. Elisha, the 
eldt'st, was born in (ioshen January 8, 1771; he entered upon 
tlu' lal)ors and responsibilities of an active inedical man at the ago 
of sixteen, when he took chargo of n broken limb, which he •^nr- 
ceed«'d in spttincr and hesiincr without a--isrflnco. Ho stndie<i with 
his fittluT. accdiiip'tiiying liini in his Iou<j: <lri\T'« ovrr t he hlr^ak hills 
of Liii'lilk'ld t'ouiiTy. and g'ainpd aprnrt-c;tl ••.Njici-M'iict' whicli aftcr- 
wafiis served hiui well Hut he lelt ihr need of ninfe svstomatic 
traiuing and largtT in^ighL into the art <'t tlic jihysiciau, and made 
bis way to Hartford to pursue studies under celehiaied Dr. 
Lemuel Hopkins (born 17'>0, practiced iu IJaiUord from 1784 
until his death lu 1801). Koturning to his native place he prac- 
ticed until he had accumulated the necessary means to defray bis 
expenses in mother and more ext^ided search for higher instrac' 
tion; at that time his choice of medical schools in the United 
States was limited to three, the medical college of the University 
of Pennsylvania, Philadelphia, founded in 1765; the medical school 
of Columbia College, New York, founded in 1768; and the medi- 
cal department of Harvard College, founded in 1782. Exactly 
wliat determined him to prefer the Philadelphia school we do not 
know, unless by reason of its being the longest established, and on 
account of the celebrity of its teachers. The schools at Cambridge 
and New York city wore much nearer, but he made the then t on- 
siderable journoy to Pbiladolphia. He matriculated at the ( ni- 
versity in the fall of 1 793, and pursued his studies under tie dis- 

•The flnt llcdkal OoU«g« In the UnlMd 8tst«ii wm MtiMMMd is PhlliMplilft la 

Iter), wh. n .h M-i.h wM.tweDt7-DiQ« JMM of $ge. Thif eoUegt flnt cooltomd Ibe detgivft 

of ^.D. iu 1771. 
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tinguishod Dr. Benjamin Hn^^h nnd his able colleagues.* He did 
not n'Turiin long enough to obtain a diploma; indeed, but a small 
parr of rlm^o who f;tiidied at tho medical schools m the last century 
secured tli[)loiiias; in tli»' first fifieen years of the Mt'tlifal Sehool 
of l^lnladelphia, the nuuiber of gradiiules averaged aUuiL live and 
ono-half a year, while avS m uiy as seventy students were in attend- 
ance at one time. In the latter half of the eighteen contury at- 
tendance at a medical school was resorted to but by few vjf those 
who took upon themselves the responsil>ilitie8 of practitioners of 
medicine, and Dr. North's enterprise is an indication of the earn- 
estness of pur[K>se which characterized hini throughout life. 

Meanwhile, the physicians of Connecticut had succeeded in ob- 
taining a charter for a State Medical Association; this was in Octo* 
bar. 1792. at Middletown. At the adjourned meeting of the 
convention held May 15, 1793, at Hartford, Blisha Korth was ad* 
mitted to membership in the society. He was at this time only 
twcnty<two years old, yet was regarded as worthy of honor. 

On leaving the Philadelphia Medical College, he resumed his 
practice in Goshen, and immediately took a high rank in his profes- 
sion. Zealous and indefatigable as a student, he was foremost to 
adopt improvement' in medicine; not bUndly. but after careful 
trial of their value; lie endeavored not merely to keep up with the 
current thought aud novel usag*!s but to contribute to the art 
reforms and inv( nti«<iis of his own busy brain. 

Soon fifter sealing in Goshen, at tho a^^e ol Lsventy-hve, ho mrir- 
ri(Kl Hannah (December 22, 171*7), the daugliter of I ' ^iujilLm - ik C%i/Wt 
Heach, his fellow townsman, of an ancient and honoral)lo C'onnLK'ti- 
cut family. Of his ha])pine5s in tlntnesUc life we shall speak at a 
later period. We may anticipate Imwever, to remark that his wife 
was a true helpmeet in the hi^li* >t degree. 

Always eager to seize u[>on rmveltiea in the healing art which 

•Id IIOS tlie VteQlti Of th« II«aical Sciiool or tlit UnlTanUy w$» oonttluitMl 

fuUowo : 

Siirffory anil Anatomy, . . . Dr. Williaui Sliippeii. Jr. 

Siir;.'cry am] .\niiiot117, . . . Dr. ( 'a^per WUtar (MiUBDCt^ 

Practice of Pll.v^l^■l», .... Dr. .\<lain Kiiliti. 

InftttutvM and Cliuical McUiciiic, . Dr. Kcnjoinin Ru^h. 

< hciniftry, Dr. J.imo> Wfxxlhoime. 

M«l«rla Mc'dlra, Dr. Samuel I'. GrifHtlH. 

90(aii7«nd Nuiurai lliiitory, . . Dr. Bciijamiu Burt-uii. 

Euty Uittory of Modlcine Id PldJmd«lphia, b/ Ovurp! W. Norrb, 1I.D. Fiilbdolpblii , 
18BB. 4IO. Prtv»M7di»trlbuiad. 
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promised to bonofil tlio huiii;in racf Dr. North liailcd wiLli delight 
the announcement by Dr. Jeniier of tbe rosnlts of h'la experiments 
in vaccination. Dr. Jeniier's work: Enquiry into tlie Cause.s and 
KtTect.s of tlie Variohe Vacciiia," published in 1798, did not meet 
in England with unqualified acceptance, yet but a tew months later 
the young practitioner of Goshen is found experinicutlug with the 
new process in a acientific spirit which challenges our admiration. 

One of the first men in America to proclaim his confidence in 
the statements of Dr. Jenner was Dr. Benjamin Waterfaouae, Pro- 
fessor of Medicine in Harvard College. In July, 1800^ he procured 
vaccine matter from England, and boldly tested **the experiment 
in the persons of four of his own children, the eldest being seven 
years of age, who thus became the first subjects of vaccination in 
the United States;"* and being afterwards exposed tosmal]*pox in- 
fection in the hospital of Dr. Aspinwall they proved to be iinsa»> 
ceptible of its influence."— (Dr. James Thacher's Am. Med. Biog' 
raphy, Boston, 1828.) 

In September of the same year, Dr. James Jackson of Boston, 
returning from London, where he had studied under Dr. Wood- 
ville, practiced vaccination in [Boston and vicinity. Before the 
close of the year, Elisha North was pureuing his own investi- 
gations, lie himself describes the first steps as follows: 

" A fin weeks only before vaccination was begun in Goshen, Dr. Water* 
house of Busfon, li;ul received vuecinc matter fnuii Kn^Liiid. I ttxik my 
first vaccine lluiti warm uod fresb from a p^rsuu iu iS'ew liaveu, who wiia 
visited for such a purpose. The distance was nearly lifty miles. This pa- 
tient hud been vaccinated six or seven days before. There was a oomplele 
failure veryeoon afterwards in the business of vaccination in New Haven. 
As soon its I nrrived Iminc I vaccinated three patients, two of wliorn were 
r-hiliii (11. 'I'he cliiitlreii went through the regular prwess of vaccination, 
but the virus failed to infect the Hdult. Tho!»e children were immediately 
put to the ttsaal test of variolona inoculation. The variolous infection 
occasioned very small effects which soon disappeared." 

* Accordlog to Mr. SIduey E. Moree, the flret four persons vaccioatod in America were 
a member of the fluDily of Dr. WateriionM, tlie B«v. Br. JedldUh ICoiM, Wehiird C. 

MorAe hiti boo. and Sldnrj- i: Atufi/-, Mm^clf I.ffr of .Tvdidiab Morse, D.D., by Win. B. 
Sprague. New York, 167 1, pp. vT'i It 1h peculiar that Mr. Morre M)'^ Dr. Wbileltoui>«i 
vacctnated " Ofl« member of hia fiunUj ** : Dr. Thnwher aaye : *''/&ur of hie cbtMrai **; Dr. 
North »ay»>: "sir of hip chlldrtn " 

Vaccine wae intruduced into iMiiiadclphia in the Antumn of lir. John Redmaa 

Ooxe relstei expezbiifintlog od hto mo, December SS, ISU, la IWt. MM. Mtumm^ (T. 
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And then he adds vrith great candor and modesty: 

"I was undoubtedly more indebted to chance than to dcill for my 

j^ood fortune in thosii experiments; for as wns aftrrwnrds Icarnetl, nothing 
vfiia known on this side Uie Atlantic willi regard to tlie proper time for 
taking vaccine virus." 

Some months lator he a^Mressod a letter to Dr. Watorliouse, 
stating the diniculties which had attended vaccination in his vicini- 
ty, and the Boston p)iy^ician replied ho had exporicnccii similar 
per]>lexity. But a few days later he wrote that ho had just ro- 
cei\t'(l a letter from Dr. Jenner ccinmunicatinj? the following 
golden rule in Viictuuaiion: "Take the lluid iuv vacciuutioa un or 
before the expiration of the eighth day." Of this rule Dr. North, 
thirty years later, remarks: "This is now known to every tyru in 
the medical profession, but none can realize its value but those 
who have experienced the evils occasioned by the want of such 
InformalioQ." And it was with this in remembrance that he at- 
tributed his first success to chance rather than skill. 

The business of vaccination " as Dr. North calls it, was ex- 
tensively carried on in Goshen in the winter of 1800-0 1, by him< 
self, and by Dr. Jesse Carrington^ of whom he candidly says: 
" He was my rival in business." Dr. Carrmgton was^ however, 
not so fortunate and met with a calamity at the outset; he had 
procured some Tirtts from a traveling person (designated in Dr. 
North's hluTit language as a kine pock peddler) with which he vac- 
cinated his wife, and others. After Mrs. Carrington got through 
with what her husband supposed was the kine pock, he persuaded 
her to have variolous infection put into her arm. The unfortu- 
nate and beli(iving wife was easily made to understand the object 
in view, namely, to convince an incredulous public of the utility 
of the now practic*^; but tn the great disappointment and chagrin 
of l>r. ( 'ai iington hi^ wiff broko out with the genuine small pox. 
and !=lit> had to be removed in accordance witfi the law to a lio.-s- 
pital ill Cornwall, ten miles distant. Of tliis incident, Dr. North 
says: ' This calamity and thr two cxjk rimonts I had previously 
made, were very beneliciiil Uj all within tlndr knowledge." 

Both these Goshen physiciau.s made a va^t number of experi- 
ments, some with genuine vaccine 1\ uiph, and s.»me with .such as 
proved to be spurious, and also with variolous infection, but no 
disaster similar {o that related again occurred. degrees the^ 
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acquirod knowled^ro for the discnminatif)n of gcMiiiinc and spurious 
matters. During tho winter many persons wore vacciinaterl half 
a dnz< n tiinfs hcfon* tho dosirf ■! f»ffoct would be proLlur<Ml. A 
trouhli' and voxatioii aro-:t» wliich, i^ays Dr. North, was •* much 
greater than in future will ]*i i tiatily ever again ocour." 

Besides the fMM'ph xity ocrasiuued by ignorance, ihefse early in- 
vestigators lind t' > inci .tuitt'i- a !i(»st of other vox atiuns occaiituntjd 
by tho prejudices of thoso around boili in and out of the mudical 
profession. 

We again quote Dr. North at length: 

'"In the spring of tiu yrar isoi there was no ixmuine vaccine matterihis 
aide of the Ailauiio, o.vcl'ih iu GustLcu, and iu iho bands of Dr. Water- 
house or others io his vicinity. Dttiiog the winter of 180(M)1 there was a 
complete failure io the cities of Kew York and Philadelphia, in obtaining 
genuine vaccine virti>. This circumstance enaMctl mo to intrfKluce the 
kinci>ock for the tii ^-i liinc into the City of Nt \v York. This was done hi 
April, IBOl, by the agency of a Mr. liuut. Mr. ilunt vif<iied Sew York 
on his own business while he bad the liine poclc in his arm, and that, too, 
in the right stage for taking matter. Mr. Hunt at my request called on 
Dr. Edward Miller, who vac(;inated others from his arm. I vacdoated 
Wr. Hunt frf>ni the arm of a litth- girl. Thi-^igirl was vfirciuatt ti l)y virus 
taken in aliuid statu from the hand of a Mr. Ivo.s; the pu.Hiuie on hin hand 
bad been derived directly from the udder of a cow, by milkin^j. Thus 
the firat genuine kine pock that was ever introduced into the City of New 
York originated from an American source." 

So far Dr. North *s own words. The writer of this sketch has 
in his possession the original letter of Dr. Edward Miller thank* 
ing Dr. North for sending him vaccine matter ; the following is a 
transcription of the letter: 

(Copy ) 

New York. 80th April. 1801. 
Sir, — I have received by the favor of Mr. Lyman.- the letter and 

pnrlosiires whirh yf>i! havf oliliLrtDirly irnnstnitTccl to mo. Your opinions 
and practice iu re>p«'ot to oow-po.v hoeui lo have been toriricHi in the ni"st 
judicious and accurate manner; and I cannot Init congratulate the district 
of country which makes op the sphere of your professional labors, on the 
discernment and ability you display in the introduc^tion and encourage- 
ment of ■-IK h n mcaii"* (for it scarcely deserves lo be callLil a dkseuK') of 
prr vt iiiiiiL' ainl t xii'i iiiiii il inir oiif of tiie ninst fcrrifie disteinpcrti When 
not miiigateii liy iniK uiaiion that ever attlicled the iiunian race. 

The discovery of cow-pox must undoubtedly be considered by all intel- 
ligent and reflecting persons as one of the most interesting discoveries 
which distinguish the present inquisitive and enlighteoed period. 
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Our failure in tlie propagation of cow-pox \a this city was aolely owing 

to the spurioiisucss of iJie mutter employed — a disappointment which 
seems often to Imve happened in difrnrcnt parts of Brii.iin till phypicians 
became experimentally well versed in the peculiar appearances of the 
genuine disease. Such oocurrenoes, however, will probably become less 
frequent as aoon as the Gommuoity and especially medical persons are 
tbwoughly apprized of the sources of fallacy and of the necessity of giv- 
ing strict attention tn all the cirnimstanrrs of dificrimiriation. T tliink 
your pu 1)1 i cations very properly adapted to guard against the mistakes in- 
cidentul lu this new practice. 

I am greatly obliged to jou for ibe kindness of sending some of tbe 
Taccine matter. I shall employ it without delay, and if it should fail to 
conimuQicate the dhvnfie. s^hall tiike tbe liberty of requesting a further 
supply with !i to luiutber trial. 

Wishing you every degree of success in your meritorious exertions to 
"extend the usefulness of this discoveiy, and to improve tlie condition of 
tbe science of medicine, I request you to accept my asburanoes of the 
most perfect respect and esteem. 

BDWAUD MILLEIi. 

Dr. Elisha North. Goshen. Conn. 

Dr. I'M ward Miller whu one of lliu proiuineut physicians of Now 
ufk city, an editor (with Dr. S. L. Mitchell) of the Medical 

Repository, and a man of lat>fe practicp. 

In tlie above letter Dr. Millur refers to the "failure" in New 

York city to iiitrouuce va<:cination. Dr. Jaine.s Thacher, the 

biographer, say.s in this connection: 

" Dr. .Miller of New York received viw ( iiu- matter from Dr. I'earsou of 
Loudon, wLi( It failed however to produce the genuine disease, nor wus 
another supply sent on from Boston attended with better success. " {Am, 
Jfod BUtgr., I. 29.«) 

Dr. Tbacher says nothing of Dr. North's participation in the 
matter, probably because the facts had not yet been published at 
the time be (Dr. Thacber) wrote: In January, 1802, a Cow-pox 
Institution " was established in New York city. The circum' 
stances connected with the man Ives are too important to be 
passed by. Dr. North thus narrates them: 

** In Hay. 1801, a young man by the name of Ives came to consult me 
as a physician. Ue said he had chills, headache, and fever; also a swel- 
ling under his arm and a sore on his baud; tbi.s sore upon examination I 

found to be the cow-pox pustule. Upon iiiqtiirv T tienimc cnmiilolcly 
satisfied that tbis pustule produced truiu in ticlion derived directly 
from the udder of u cow, by milking. Being pleased with ibi)* discovery 
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(conndering it to be the first of the kiod which had been made io Amer- 
ica), I prosecuted my inquiries still further. The result of these inquiries 
HUiounted lo lliis. that this COW did not her disease from the hinnnn 
subject nor from liie liorse. , . , Infection taken from Ives' hand (for 
I saw him at the right stage for taking infection) produced the genuine 
disease in others." 

In the Sftme year, almost tlie very motith that Dr. North was 
makiag these observationa, Dr. Edward Miller wrote in the Medi- 
cal Rep(mtory : 

" We hope our readers in the L niled Stutes will endeavor to ascertain 
whether the vaccine disease la to t)e found among the cows of this count ry , 
and if BO they will employ infection derived from a domestic, In prefer- 
ence to a foreign source.** (AM. Bepotit.^ IV« SSS. 1801.) 

How Dr. North anticipated this suggestion has been stated. 

Nearly forty years after Dr. North bad thus established the 
identity of cow«poz and small'poz, the discovery was claimed for 
Dr. Ceeley of Aylesbury, England. In an article which appeared 
in the Medico- Chirurgtcal Review, the following passage occmrs: 

" What many gentlemen in this country failed to accomplish, we are 
happy to say has been at length achieved by one of the members of our 

association, Mr. Ceeley of Aylesbury. Fie resolved to attempt to nsrvr 
tnin whofhor he ("ould by inociilnfion impregnate the cow with huriuin 
small pox Twice he has succeeded in accomplishiug tkia important 
object after maoy previous fruitless trials. Hto experiments were con- 
ducted in the presence of five medical men and one veterinaiy surgeon. 
He produced five vesicles on the cows, from which source several hundred 
patieni'; Iimvt hi-en vnrriimtcd. who liiive rxiiiliited the phenomena of 
vaccination in the most perfect form and complete degree." 

T!iM ]>ii})lii arion of this caused a contributor to the New London 
A(hi»tule and Ufpubiwan {February 3, 1S41), to take np the cud- 
gels in behalf of " our venerable and rospnrfod fellow-citizen. T>r. 
Kli^^bn North," which he did by republishing the account of Mr. 
Ives' cast; just quoted. 

I have before rae, as 1 wrile, a small piece of paper, yellow with 
age, ou which is written in Dr. North's peculiar yet legible hand: 

" An extract from a discussion had in the Cheraw Guzetle (S. ('.), and 
in tlie Pioplett Adrocate, N<*w London: 'Dr. Jenner discovered the utility 
of vMCcination, while it mu»i iu future be unquestionably admitted that 
the combined investigations of Drs. North and Ceeley in England have 
establiahed the identity of the vaccine prophylactic with the small-pox.* ** 

The old manuscript ends here. Obvioasly Dr. North had 
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copied the extract so flattering to hia amour propre^ with a view to 
preaervadoii. 

The great opposition which the introduction of vaccination met 
at the hands of common people is a familiar topic, yet we believe 
new light may be thrown upon ite extravagant character by quot- 
ing a few passages of Dr North's narrative: He says: 

" Tbe excitement or opposition ran eo high and was so very unreasona- 
hie that to get rid of the coiivitK inir eviiU lu c .... 1 was myself, 
in {mrticulur, actuully arrti<t il of u-inir on dcsiirn hnt] smiUl pn\ mntfer. 
To silence puch slamli r, I bfgge<l m a favor tliut five of my vacciuuled 
patiftit3 would visit wiilt mc a small pox hospital ut Wiocbcstcr, eight 
miles distant, and there be inoculated with warm varioloua infection, and 
likewise see the small-poz for themselves; for some, among other objee- 
tlotiH, itmiiitutucd that the kine pook was a wor^*! malady thau the small- 
pox. This last experimeQt was actually tried and succeeded, and it was 
acknowledged to be a fair one." 

** Another trouble arose in the progress of this bosinesa. After we had 
succeeded with much hibor and expense in esiablishing the utility of vac- 
cination, too many thought that they could vaccinate themselves after they 
had Icnrncfl how from m«; Hnd «M<'h person?* dfjtihtlc'is thoiiirht it was per- 
fectly a fair game to defraud their teachers of the pitiful fees which weix) 
expected." 

Dr. Niiitii stntcs that he MiccciMled in driving the small-p«>\ fv'>m 
the adjuiiiin^^ tow n of Cuinwall, but neither he nor Dr. ('siniiij^^ton 
••made tlu; bu.sint of vaccination pioHtable notwitlistauUiiig ihtir 
gn;at attention." An iiitfrestmg advertisement of Dr. North m 
the Conncdicul Cnurant of 18 II, will be found in the appen- 
dix (D). 

Dr. North published his comments on the resoarches of Dr 
Waterhouse as set forth in the letter's pamphlet printed in 1802. 
Dr. North remarks that he thouglit it his "duty to exhibit much 
demonstrative evidence with respect to the utility of vaccination,'* 
and contrasts his own method of investigation with that of Dr. 
Waterhouse to the prejudice of the latter. 'Dr. North admits (in 
1829), the imperfection of physicians' knowledge of tbe manage* 
ment of vaccination, and makes the pertinent inquiry: " Is it not 
expedient in the present state of our knowledge to have recourse 
to the cow for vaccine virus as often as may be practicable 7 '* 

A question obviously prophetic of these days when " vaccine 
farms " are recognized institutions auxiliary to the practice of vac- 
cination. 
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In the spnnf^of I SOd a malignant disease broke out in Ma<<sa- 
chasetts. which baffled the physicians, soon became epidemic, and 
proved a torribk- scourj^e. It was first noticed by Drs. Danieleon 
and Mann of ModfieI<], Mass., in March. The fever was accutn- 
panie<i by a characteristic maculated eruption which caused it to 
receive the popular name " Spotted Fever." Dr. Miner called it 
(iffihut stfvcopnlis. Dr. Nr)rth rrillf^d it (i/pfms pefei'hittH.'i. This dis- 
ease rav;(i:<'d New Kii^^laii<l ,it vaiirtiis periods from 180G till 1816. 
It first Mppcarcd in Connectioui in April 10, 1807, at Winchester, 
Litchfield County, aboiit ei^rht miles from Dr. North s home. 
Writing of the disease he sii \ " A disorder has come ainong us 
like a flood of miijhLy water.s bringing a!<n)L^ with it all the horrors 
of a tnu.>L dreadiid plague."' The history of typliuij and its symp- 
toms, as well as the methods of Ut atuu nt art: well known; for a 
non-medical man to venture (m this ground would be a dangerous 
exjierimeut, all we desire to do is to show the part which Dr. Elisha 
North took in checking this malady, and informing the pubhc of 
his experiences and successes. When the disease broke oat in 
Winchester, sweating and bleeding of patients was resorted to; 
Dr. North at the very outset came to the conclusion that " Death 
was not occasioned by violence of fever, inflammation, or putrefac 
tion of the system, but by an unaccountable, sudden, and violent 
prostration of the energy of the brain and nervous system " 
(Spotted Fever, p. 99). Accordingly, he adopted a method of 
treatment opposite to that in vogue, stimulating to the fullest 
extent," and using " wine,bruidy, opium, camphor, Peruvian bark« 
serpentaria, oil of peppermint, castor, elixir vitriol, blisters, and 
sinaitisma." In his treati:<e on spotted fever Dr. North devotes an 
entire chapter to the "Quantity of stimulants to l)e used," admit- 
ting that in some of the case.^ reported the quantity given was 
« enormous." Elsewhere he writes: 

"I am decidedly of the opiDion this dlacase requires stimulatieg reme- 

dic8; but by this I do uot nuun that In ovory case patients must take 
bramly by qunrl«, or wirn liy L'jiHons, for I believe that it requires as much 
judgriu nt ia usini: siiiuuiauu a.s it does in reducing the dystem " (Letter to 
Dr. Elijah iMunson. — P/til. Mfd. Muxt nm. 

During the winter of 1807-8 Dr. North prescribed for sixty-five 
patients sufTering with this disease, of the-^c lie lost but one, the 
second patient to whom he was called (»Spotttid Fever, p. 9U). in 
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Winchester when tbe disease first appeared about one-third died 
(paffo 127). 

Many physicians adopted the plan of using stimulants, some in- 
dejiendently, and others in consequence oE the pubHcation of Dr, 
North. Between 1807 and 1810 spotted ferer prevailed to ao 
alarming extent in Hartfordi FarmiugtoD, Wethersfield, Beriin, 
Bristol, Burlington, Canton, Simsburj, Torrtngford, Wmcbester, 
New Hartford, and Ooshen, and tlie popular excitement concern- 
ing it found utterances in the columns of the newspapers of the 
day. Mr. Baboock, editor of tlie American Mercury (Bartford), 
was very emphatic in bis complaint of physicians with respect to 
this plague. 

The Reverend Dr. Ebenezer Fitch, President of Williams Col> 
lege, was bereaved of his eldest son, '< a promismg and hop^lly 
pious youth " on the morning of Commencement Day, 1807. This 
affliction stimulated Dr. Fitcii to publish in the Berkshire Reporter, 
of Pittsfield, a letter with two communications, one from Dr. Elisha 
North of Goshen, and one from Dr. Elijah Lyman of Torrington, 
«• two very respectable physicians " whom he had addressed with 
inquiries. This, in the earliest publication of Dr. North on spotted 
fever, lioars the date February 12, ISQH. It is reprinted in Dr. 
Nordi's treatise ([uilt'-s 1(7 to 1(»2), and Ijas boen f]Uoted above. A 
year lator Dr. Nottli puiilislit'd in the I'liiladeluhia Medical Museum 
another IcttiT addressed to Dr. Elijah Munson, n prominont physi- 
cian (»f New Haven. It is 'Aoi tliy of rcniai-k tdat iM)tli lljesr \n\\i. 
lication.s were in answer to inquiries made by portions ai.Mn s.-^i'd 
and by request, facts bearing t/^stimony to the unobtrusive and 
rather retiring character of llu ir author. 

In the second letter named, daiud February 12, 1809, Dr. North 
calls the disease "Typhus petechialis or the malignant Petechial 
or Spotted Fever,'* describes tbe symptoms and his method of treat- 
ment, which is substantially as given. One year later Dr. Timothy 
Hall of Esst Hartford read a paper (April 10, 1m lo) l^efore tbe 
Connecticut Medical Society on spotted fever, in which, after de- 
tailing his experience, he adopts the views of Dr. North, and says: 

**Dr. North's meliioil of practice conicides more wiih iny own ideas of 
the proper method of treating this disease tban anything 1 have seen writ- 
te n on the subject." (Reprint of the pn>o(u><lingH of the Connecticut Medi" 
cal Society from im to 1839 inclusive [Uartford, 1884]). 

The disease continued to spread and to cause great mortality. 
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At a meeting of the Councillors of the Massachusetts Medical 
Society held February 7, 1810, it was 

Voted. Tbat a comtnittco he aii|Hiiiitcd to collect infonnntion respecting 
the hbtory and treutment of u maliguuut liUcase commonly caited spotted 
ferer, wbich i» now prevmllibg in the countj of WorceBter, and baa pre* 
▼ailed, witliln five yean past. In Hartford, Conn., and Providence, R. L, 
and report at the next meeting of Hie aociety or councillorB." 

The interost of medical men in this epidemic is farther shown 
by frequent contributions to both the secular press and to medical 
journals. 

Dr. Samuel Woodward of Torringford, the Rev. Festus Foster, 
Dr, Bestor, Dr. Fislce, Dr. Williamson, besides those previously 
named, took prominent parts in t Ins jtublic discussion. These divers 
contributions Dr. Korth collected, and together with his own clini* 
cal observations and views, published in a duodecimo volume to 
whiclj we have already alluded. It bears the date 1811, and was 
printed in New York by T. and F. Swords, printers to the Faculty 
of Columbia Collogo (for full title see Appendix). In the preface 
tlu- atitlior states that lie has undcrtakun "to preserve and bring 
into one view those tlnrigs which liavc already been published," in 
}ioj>es of aiding tin um Ih-hI frattniiity ; and he atlds: " This work 
was not written h-f auiusciiicnt but for utihty: the author had a 
double pnrpnee to accomplish, not only to exhibit the truth respect- 
ing the nature and treattnetit of this di>t:a!>e, but also to produce 
evidence of this truth. ' Accordingly, he appends descriplioiis of 
many cases. 

Dr. North's writings are characterized by great candor, some 
might say bluntness; he did not shrink from calling a spade a 
spade, and some persons evidently felt aggrieved, aa the following 
shows. Thirty-five or forty years after the treatise on spotted 
fever was published, Dr. North planned a second edition; the well 
worn copy which he used for the patpose is now in my hands; it 
bears his MS. notes on many pages, and contains more than sixty 
slips of paper on which are writtm the proposed changes and addi* 
tions for the second edition which never saw the light On one of 
these slips, in connection with the preface just quoted, we read: 
<• A bigoted person has told me tbat this preface was extremely 
faulty; if it be so my brain is so oigaoized that I cannot perceive 
It. 

We shall not undertake to give an analysis of Dr. North's work, 
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wfaieh, though rare, can be found in certain medical libraries. 
Another quotation from his unpubliBhed notes may be given, eince 
it shows again his dry and candid eziHression of opinion. In the 
chapter eight "Of Submurias Hydrargyria* he speaks strongly 
a^nst the use of mercury, and dwells on its pernicious effects on 
the constitution. The second edition, had it been published, would 
have contained the following addition to this chapter. 

*' A phygicisn sdd to me yesrs sgo that I ought to be ssbamed of whst 
I published in the first edition of this work in regard to mereuiy. With 

the permission of persoDS whose heads may be organized somewhst like 
that person al]u«k'd to^ I will now stat*' tlmt during^more Ihnn forty years 
practice I have kuown the organisation oi so many persons so permanently 
injured by the abuse of that highly fashionable medicine that I think now, 
as I did then, that cautions in regard to it are highly proper.'' 

In this chapter he also says: I have myself treated not less 
than two hundred patients with this disease (spotted fever); of 
these 1 have lost two. I have never given calomel except to three 
of the whole number" (Spotted Fever, p. 67). 

Dr. North^s treatise was favorably received by the medical 
fraternity. The editors of the Medical BepotUory highly approved 
the work, as did the editors of the New York Medieal Journal 

The editors of the American Medical and PkUotophtcal Register 
(New York), in reviewing the treatise say : 

"This is a very respectable work, and by far the largest that has yet 
been published on tbe spotted fever. The author appears to have been 

very diligent in collecting his materials, has evinced considerable discrim- 
ination in tlie sclcctiou. and has put together a body of information which, 
independent of its present usefulness, well deserves a place a^ a perua- 
oant book of reference. But to the merits ei a jndidous compiler. Dr. 
North Justly lays claim to the character of an original ebmwr, and tbe 
facts and obserraUons which he himself has related of this disease, which 
still prevails in different parts of the Eastern States, are among the most 
valuable portions of his* intifresfing hook." {A>iisTHmn Medimi nnd Philu- 
toplUcaX RevUxc, Vol. II, page 440. bee Adv. in Conneelicut QazetU, Aug. 

26, m%.) 

m 

Dr. North had now reached the age of forty-two. and his repu- 
tation for skill in surgery and juilgment in medical art extended 
over tbe whole State of Connecticut Siiuple and unostentatious 
in his mauners and habits, he never sought selfishly his own 
aggrandizement ; bat bis worth was appreciated apd caused him 
to be widely resorted to for suigical practtcet 
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ESarty in the year 1812 then came to him an invitation to re- 
move to the city of New London, then an important port and a 
center of the whale fishery. The temptation to exchange the yi;;' 
orous climate of Litchfield County for the more congenial one of 
the Goaat, to exchange the hardships of a country physidan's life 
for the amenities of city practice, as well as the opportunittee of 
more frequent and quicker communication with the outside world, 
and the advantages which would accrue to hia growing family 
now comprising six members, wore: some of the weighty reasons 
which decided him to seek a new liomo. 

He moved with his family to New London, May 8, 1812, and 
soon secured the esteem of his new circle of acquaintances. A 
contemporary writer, speaking of bis career as a physician in New 
London, says: 

"In the practice of bis professiou. Dr. Nortli t-xhibited a remarkable 
dt'pree of cautioD, deliberation, and ciucful rcfleclion. Wiieo concerned 
with the hcaltli and comfort, and we may add, the moral welfare of bis 
patients or friends, he exercised a conscientious care and th9UghtfulncKS 
that preservfed bim from unsafe enttausiann or dangerous and extremo 
views. As a counseling physician he enjoyed the confidence and friend- 
Khip of his brethren, unci wns mueh valued for bis philosophical habits of 
mind in cases of diHk ulty and unpertainty." 

Soon after his settlement in New London, the second war with 
Great Britain broke out. seriously disturbing the prosperity of the 
seaboard city. A Bririsli fliM i controlled the entrance to the Sound, 
and a petty warfare on the water and on the coast kept the inhab- 
itants on the alert and fearful of disaster. Yet "during the 
whole war not a man was kiUfd by the enemy in Coiuucticut, and 
only 0??^ in its waters upon the coa^t " (Miss Caulkin.s' Jlit^tury of 
Sew London, p. 034.) During this bloodless war the g.irrison? of 
Forts Trumbull and (^riswolil n quin d the attentions of a medical 
man and Dr. Nortli was callfil iiUft this sciA'ico.* 

At theearly period vi wiiich we write, nirriical etiquette^ allowed 
much greater freedom iu advertiscmentij in the local pyvn^ than 
the present vigorous usage. In examining an imperfect hie of the 
Connecttcid OazcKe, preserved in the rooms of the New London 
County Historical Society, we have found several interesting 

• Trohahly in thp rohniff'T >'*»rvict» «>nl.v. fur tli" .AiljiitiinmJeiieral of the iirniy infoniiB 
me under date uf March 4, 1»87, that "the Daiiu- Ktifha Nurtb doo» nut appear on tlie 
recoidH qf lb« U. B. A.» W«r of 181S, ai 4 coiDiiifwtoiie^ officer or •olttMd nwa.*' 
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adverti"somPTit« fliDwiug their prevalence. These we relegate to 
the Ajjpeudix. In the long advertisement of April, 1810, Dr. 
North offers his services as a surgeon in certain special cases 
named, and then followed this endorsement : 

*' We tlic subscribers being personal friends and medical brethren, resid- 
intz: ill the sHine town with Dr. Nortb, believe the publication of the above 
will probably benetil society." 

[Signed] TnoB. .Coit» M. D., . 

Akchibaui Hbbcsb, 
D. T. Bkainard, 

N. S. PSBKINek 

When one pbyrician can thus secure the public endoraemeiit of 
his four rivals, it indicates a state of harmony hardly credible in 
these degenerate days. 

At the first meeting of the New London Cotinty Medical Society, 
held after Dr. North's removal to the city, he was admitted to 
membership (September 22, 1812) : and he appears to have taken 
an active part in the work of the society dnrinp; many years, lie 
served as clerk in 1815, as chairman in 1823 and in 1831. lie 
was frequently elected as delegate to the Statf Association, and 
was thrice appointed to road papers bef'Tr the County Society 
(1814. 182P, 18:^4). For tljo last twelve years of iiis coniuM tioii 
with the society tlio lioiior of being •'over sixty years " exempted 
him from dues, in accordance with the ruh's. 

Dr. North had joined the Medical Society of Litchfield County 
in 1811 (Septoml>er 24th). 

ITp to the date of his leaving Goshen, Klisba North, though 
doubtless styled "Doctor" by his friends and acquaintances, l»ad 
not received the medical degree. On the title page of his work 
on spotted fever he does not affix any title to his name. Of his 
medical education we have written, of his qualifications for a 
diploma there could be no question, and therefore it is not surpris- 
ing to find that the State Medical Association, at the meeting held 
in New Haven, October 20, 1813, voted to confer on him the 
honorary degree of M.D. Dr. North's name appears in this same 
year as a member of the Examining Committee of New London 
County. Between the years 1813 and 1821 he was almost con* 
tinuoualy sent s» a delegate to the annual meetings of the State 
society; in 1816 he was appointed on the committee to recom- 
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mend suitable candidates for a degree of M.D. He apparently 
held no other office in the State society. 

Dr. North's reputation as a saccessfnl practitioner rests on his 
skill as a surgeon as well as in the art of healing. In New Lon- 
don he paid especial attention to diseases of the eye and met with 
great success, ezhibiting good judgment^ courage^ and delicacy of 
operation. Writing of himself he says: 

" I have had the pleasure to prevent total blindn^ and restore sight to 
twelve or thirteen perBona during the last throe years. These would now 
probably be moping about in total darkness and hv u burden to society 
and to tbemRplve*), had it not been for ray Individual ezertiona." (Stee 
advertisement in Appendix.) 

His success as an oculist led him in the spring of 1817 to open 
an eye inHmiary in New London, which was without question the 
first institution exchisively devoted to eye surgery in the United 
States. Of this he writes: 

"We had attended to i^e patients before that time, but it occurred to 

us then, tliat we might multiply our number of cases of that description, 
and iJn^reby increase our knowlod^e, by advertising tlie ptililic in regard 
to an eye institution. Tliis was done; and we succeeded, although not 
to our wishes in a pecuniary view of the case. Our succeaa or exerfions 
probably hastened in this country the establishment of larger and better 
eye infirmaries." {Scienee ef £^«, pp. 88-90.) 

Dr. North's allusion to his ill success pecunfixily reminds us of 
another passage in which he writes: 

"Judging from the lowness of medical fees in Connecticut, one would 
suppose that property regarded as a means of health, was held by the 
community In higher estimation than health itsdf." 

We may l ore niontioii tliat liis skill in delicate operations was 
perhaps augmented by his loftliandi^diu'ss, wliich was marked and 
persistent. The lack of discriiiiinatiun iu treatiiu'iit of oplitlialinia 
at tiiis period is illustrated by an anecdote n-lati-d at the expense 
of one of his contemporaries. A man came to Dr. North's 
infirmary suffering with an infiamed eye; after careful examination 
the Doctor removed some foreign substance like a bit of charcoal, 
which had caused the irritation^ and prescribing a soothing lotion 
dismissed him. But before the man left the Doctor casually 
inquired "what have you been doing for your eye?" The man 
said he had been to Dr. Blank. " Abl " said Dr. North, <'and 
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what did he do for you?" He gave me, ' said the unfortunato 
man, " thirteen doses of calomel ! " 

Few persons an> ucnv living who wen* contemporary with Dr. 
North; many of those still surviving testify with sincerity to his 
skill as a surgeon. Proofs of this in individual cases are wanting, 
but he has left in print descriptions of some of his ingenious im- 
provements in metfaods of operating He devised a novel method 
of performing the operation of lithotomy which need not here be 
detailed. (See Bibliography in Appendix.) He invented an im* 
proved trephine and a speculum oculi, both of which he exhitnted 
at a meeting of the State Medical Association in Hartfordi in 
1821 (May 9th). He also invented a trocar and a new form of 
catheter, which latter is publicly endorsed by his contemporaries 
and fellow citizens, Prs. Coit^ Mercer, Brainard, and Perkins. 
This was in 1829. {Seitnce of Li/e^ page 201.) 

About the year 1824 Dr. North, convinced of the advantages of 
life on a farm, purchased a sniall property in East Lyme and 
removed there with his family, driving into the city for his medical 
practice. On this farm he found a deposit of peat and he made 
many experiments with it as a fuel. One of Dr. North's marked 
characteristics was his habit of seizing upon neglected phenomena, 
or novel views, adjusting them to existing cirrnnistfinres, discussing 
tli< fn ii! a j.hilosophical manner, and then endeavoring to adapt 
them to piiilanthropic uses; in short, he rode his hobbies and 
sought to induce Ins friends to make them their own. Accord 
ingly peat became tor the time being liis hobby; he had it dug, 
dried, and sent into town for sale, but j)robal»ly never gamed much 
pecuniary advantage from his illy ui)pr(>ciated enterprise. The 
results of his philosophic study he eiabodied in an article on 
"Fuel," which was published in the American Journal of Scicticc. 
Prof. Silliman, in a note to this article, says that while he cannot 
regard Dr. North's views as tenable, "all will agree that he is per- 
forming an important service by attempting to excite the attention 
of )iis countrymen to this neglected but valuable resource, the 
more valuable because it is so extensively diffused and so easily 
accessible." 

Those desirous of learning more of Dr. North's claims and 
hoxies for peat as fuel are referred to the original article, which 
will well repay perusal. (See Bibliography). A few years later 
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he withdrew from the farm and took up his resideuce in Hunting- 
ton street, New Loudon. 

In 1829 Dr. North published in the Canneeltcui Qaxette and in 
other pa^)ers several eflaays ander the title: "The Rights of 
AnatotniBts vindicated," and signed Vesaliua, These letters were 
instigated by a law passed by the Conneoticut Legislature in 1824, 
relative to the exhumation of bodies for the purpose of dissectioni 
which law converted the slight offense of trespass into the 
heinous one of felony," and placed anatomists in a very difficult 
position. These letters are written in an argumentative, lively 
style, abounding in historical allusions, and with great freedom in 
expressing the author's views; who sought to induce statesmen to 
modity the law, and at the same time to lessen in the public mind 
the horror excited by the surgeon's oxperimenrs. His remarks on 
the status of the State Medical Society and its relations to Yale 
College are of especitU interest to the historian of medical progress 
in Connecticut. 

In the same year Dr. North published a volume of 2()(i pages 
entitled: "Outlines of the Scienrr of Life; which treats physio- 
logically of both Body and Mind.' . . . "To which are 
adfiod Essays on otlun- Mibjects." This work gives an iiiteresting 
insight into the philosophicMl inimi of its author, and in the sub- 
joined essays furnishos incidentally many iii^ms which have been 
ali<'utly u.sed in preparing this memoir. Dr. North atteuipiii to 
show that there is in buth auinials and plants a *• sentient spirit** 
formed by caloric, either from the blood or from the sap, " that 
every sort of life is dependent upon such a spirit either in an 
active or a torpid state; that mind w weD as the other functions 
of life is dependent upon this spirit when it is animal, and that no 
unknown spirit or immaterial nonentity is needed to account for 
any of the phenomena of vitality." This somewhat materialistic 
conception is, however, modified by his admitting the immort^ity 
of this sentient spirit. He maintains that this spirit originates 
directly from the blood, and that it is the halitus of the blood, or 
its elements. And while he regards animals and man alike in 
respect to this general animal spirit, yet he does not deny the 
power of God to make the human soul immortal agreeably to 
the Christian's faith and hope " (p. 27). He is conscious of the 
novelty of his views, and before publishing secured from nine 
physicians (out of ten who examined ius MS.) written certificates 
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favoring the publication. Ho prints in the belief that «* more 
pnoi] than evil will result " from it. and says '* littlf emolument is 
exported from it; lh<' wi itmix h is increased our power as a practi- 
cal physician, whether it will benelit rea<l«r8, time must decide." 

His work sliow« n wide acqnaintanco with the rnrrent English 
literature on phvsi )li)<;y. with a prodilt>("lion for the; writings of 
Darwin; ii ahuun<l:s in illustration^ I'ruin expcrioiico and the testi- 
mony of others: its philosophical spirit cannot be questioned, 
altho\igh ni the light of modern discovery his conclusions seem 
untenable. His style is rather repetitious and amusingly discur- 
sive, quotations bdnf; often introduced from Pope, his favorite 
poet. His stjle is also marked by short pithy sentences, which 
are e[)igrammatic, and a quaint humor runs throughout the work. 
A few quotations may well be made, as the book is decidedly 
searce. 

He q>eaka of metaphysicians as "curious men who sit at their 
ease in elbow chairs, for want of something better to do, contem- 
plating and arranging the movements of their own brains tnUy into 
systems of mental philosophy, without interrogating nature abroad 
as much as thoy should do'* (p. fi8). 

Beferrin^r tn nocial relations, he writes: "Among mankind, the 
men in private life pretend to govern the women and cliiMren. , 
but both the latter often rule the former, and often to the injury 
of society " (p. 01). 

Speaking of tlie appetites, he says: *-The stomach, like a wife, 
has more power at home than any other organ in the whole 
family " (p. 5*2). 

The •• Science of Tjife " is fol lowt^i by »*ix e-^^avs rpprinted in 
part from \\n' ori;.;inaI?, which wo have noticed el.Htswhere. The 
iiio^t iiiteresiitii.; IS a • History of Vaccination as practiced iu 
Giihiien. Cuhii' t t lent.'' a subject we have fully discussed. 

Dr. North was fond of recondite studies, and at times made 
them hobbies T\w visit of Dr. Spur^heiui to the United States 
in 1832 awakuiied uii intere.st throughout the county hi phrenology, 
and Dr. North did not esaipe the e[)idiMnic. He had read and 
absorbed, though even before this event, the theories of Gall and 
Spurzheim, and became quite fascinated with them. He published 
several essays in the local paper [Connecticut Oazetfc)^ and a small 
volume bearing the p:K;uliar title: Pilgrim's Progress in Phrenol- 
ogy by Uncle Toby." In this work " good instruction is given 

4 
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in the mode of a pleasant conversation in a mixed company of 
gentlemen and ladies, or to pilgrims in the science." The scene is 
laid in the town of " Christian Charity," and the conYersation is 
carried on between "Mr. Judicious Biscretion, Mr. Phrenologisti 
Mr. Jealousy, Miss Talkatiyeness, and Mr. Objector." He claims 
that phrenology by no means implies materialism and fstalisiQ, 
and that it is charitable towards all religions. His system of 
classifyiDg the mental organs differs somewhat from that of Qall 
and Spurzheim. His dry humor again appears in his writings; 
he says: 

** MankiDd are fond of wonderfulneis ; it is not, however, always neces- 
sary to have a bi^^ Im i\<l to command public attention, as some unteoably 
teach; not that I myself have a small head." (p. 68.) 

Although Dr. North read and wrote much on topics not im- 
mediately connected with his profession, he never neglected his 
daty towards his fcliowmen when called to their aid. lie 
seemed to find recreation in mental exorcist; unconnected with liis 
busine^'s. When Asiatic cholera raged in New London in 1832, 
he made himself conspicuous by skillfully resisting the destroyer. 

Hesides the articles cited, Dr. North contributed to the current 
iiu dical j)eriodicals a number of ess^ayF on a variety of topics. So 
far as \vc have born a^lr to discover them, they are catalogued in 
the accompanying liibliography. 

Dr. North was exceed injj^ly happy in his family liff; his wife 
was a woman of mucli chaiacter and had the best influor.cc over 
him ; his children grew to luanhoud and wonianliuod, e.xhil)- 

iting many of the admirable traits of character inlicrited from 
both parents- The very names given to three of his buy^ shows 
the peculiar bent of his miud; the eldest was named after Harvey, 
the illustrious discoverer of the circulation of the blood; two 
otheis were named after Erasmus Darwin, aod William Heberdean, 
the distinguished Englishmen of sdence. Three of his sons had 
the enterprise to found commercial houses in New Orleans^ 'where 
liy industry and unfailing integrity they speedily secured a com- 
petence; one of his sons studied medicine, but preferred private 
0tudy and teaching to the cares of professional life. Yale 
graduates of twenty-five classes (1830-1854) remember "Lord 
North '* as the painstaking and successful instructor in elocution 
in that institutioo. One of his daughters became the wife of the 
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eminent martyr to scienee, Dr. Elisha Mircholl, Geolop^ist of 
North Carolina, find Profej^sor of Chemistry in liie University of 
that State; one iiiurried a prominent clergyman of South Carolina, 
and another daughter married a succetjiiful phy^iciau of New 
York city. 

One of hifi children used to relate an au(Hxiote ahowin<^ liis cahn- 
ness and mild paternal government; when quite young she swal- 
lowed a pin, and, greatly alarmed, approached her stem father 
with the excited cry Tve swallowed a pin I *' Dr. North looked 
np from bis book and quietly said: " Well, does it hurt you ? " 
"No^ father/' replied the child, **Tbeti don't be so careleas 
again i " And this was the end of the consnltation. 

Being rather careleas about keeping his books, making and ool« 
lecting bills, his good wife used to supervise this important busi- 
ness for family reasons; but in spite of her care, an examination 
of his ledger after his decease showed this curious entry: 

"Mr. Blank, to doctoring you till you died. $17.50/' 

1 nttTt'sting proof of his ill success in f; )lltM;t iuf^ bills has been 
kindly placed in my posst-ssion by a nieiiiber of the New fjondon 
County Medical Society, in the shape of an unreceipted bill for 
$33.08 against the selectmen of the town of Groton, and dated 
May 23, 1820. 

It is related of him that on one occasion he was called upon to 
treat the foot of a young girl who was foolishly delicate about 
exposing her naked foot to the physician's gaze. Perceiving her 
false modesty, as she hesitated to remove her stocking, he said: 
''Come, Bliss Blank, if your foot is clean, let me see it I'' Her 
scruples vanished. 

Dr. North was exceedingly absentminded, and this increased 
with advancing years; devoted to study he sat reading or writing 
seemingly oblivious of externals, and not noticing persons entering 
or leaving the room unless they addressed him, when with native 
courtesy he guve them his attention. The only infirmity which 
attacked him in his latter years was deafness, and this naturally 
increased his concentrativeuess. His methodical habits, love of 
philosophitnl I !"ith, and his singular absentminded ness are exhibited 
in an anecdote concerning him. A slight fire havinn; broken out 
in his house while he wn9 in the street near by, a neighbor called 
out to him: ^< Doctor, ^our ho^sa ia on firo \ " Ho m^e nu reply 
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hut quietly w;i1koH mU> tin- li<Mi--f. S'ooinfr ^litn so rool, a liy.«tan(lor 
asked his nciL'h'Mir ami intiinati' fr-imd Judge Lyman: What do 
you suppose the Doctor is ^"iug to do ?" " Donliilcss. ' answen^ 
the judge, ''he will coriisali Count Uuiuford s works to ascertain 
the best nu'uas tor extinguishing fire ! " 

Dr. North lived to the good age of seven ty-three. Ins later years 
being passed in comfort and in complete enjoynieui of bis activity 
and usefulness; perfect health rewarded his philosophically tem- 
perate habits of life. The last act of his life before he was 
deprived by paralysis of speech and Jooomotion, was to visit an 
interesting and important case of disease, and the last connected 
sentence which he succeeded in uttering was addressed to the 
physician who took his pfaice in attending the patient. 

A memorandum is in possession of the writer bearing the date 
of his death, December 29, 1843, giving the following particulars: 
*' Height five feot nine inches, an oval and intellectual head with 
a periphery of twenty-two and six-sevenths inches, medal line 
fifteen and one* fourth inches^ temperament nerro'Sanguine, age 
seventy -thnre." 

One who knew him well wrote of him thus: 

" Dr. North was diBtinguitihed by seal for his patients and the highest 

degree of inti'^rity, frankurss. and disintirestednehs-s, in his intercourse 
with lh»"m, nnd his efT<vrt-; for tlieir benefit. His interest in his pr<^f(-.ssinn, 
as a branch of science and n» a lueaos uf bcnt'tlting .society and indtv iduals 
was strong and carut-st, and whenever circuuii>taDces required took the 
precedence of all other stilijects, yet bin mind being inccmantly active, 
was generally oc( ui^icd when at leisure from the cares and toils of a 
physician^ lifr with some favoritt siiliju t tinronnccled with the more 
practical parts of his profffision. in i xiirt sviiiL*^ \\h v'il-xk's upon which, he 
would ( xliibit an eloqueiurc aud an aiuounl ol iuturuiation often astonish- 
ingly beyond the importance of the topic, in the estimation of many. 
His ever active mind dwelt in a remarkable manner Id an unworldly 
sphere of thought and reflection. He lived the life which we attribute to 
an ancient philosoplu r : nnsuccessful in arctirinilatin? prop<'rty yet in debt 
to no one; iudiHercut to a great extent as i<> his dress and manners, and to 
his worldly interests, he was often apparently unconscious of the presence 
of his fellow beings unless his attention was especially called to ihem. 
As might be conjectured from this sketch, his moral views w^cre uncoin« 
monly pure and hii:li. and it was impossible to suspect him of craft or 
duplicity. Uis manners had the siiuplieily and luoUesty of those of a 
thihl." 

Jhe number of individuals yet living who remember the person 
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n( Dr. North is rapidly growing small; our hope is that this 
inadequate sketch may increase the number of those who will 
respect his memory. 



APPENDIX. 

A. BIBLIOORAPIIY OF THE WRITINGS OF EMSHA KOttTH, M.D. 

"Account of the Typhus Fever and its Trealment. ' PfiU. Med. Mu$9um; 
IV« pp. Id^aO (1808). A letter to Dr. John Redman Ooze, editor, 
dated Goshen, Conn., Jan. 18, 1807. 

"liettcr on Spotted Fever," dated Febrnary 12, 1808. addressed to the 
Uev. Dr. Eltcnozcr Fitcli. Jl rl-nhire Bspwigr, Pittsfield, 1806. 

Rrprinted in his Tria(iM\ pp !)S-102. 

"History of the Typhus I'ctcchialis, or the Malignmit I't-tuchial or Spotted 
Fever, as it appeared in Goshen. Conuccticut, during the winter of 
18Q7-'08; with such Remarks es may tend to elucidate its Nature 
and to establish the best Method of Cure." By Elisba North. 

PML(The) Med. Muaeum, conducted by John Redman Coxe; Phila- 
delphia. 1S09. Vol. Vr, pp 2K()-:i91. K« i)r1nted in his Trmtue, 
pp. 120-Iik>. [A letter dated Goshen, February 13, 1800, addressed 
to Dr. Elijah Munson, New Haven.] 

"Observations on the Hydrocele Capitis Infantum." PAH, Mtd, Mumum 
(N. 8.) I, 89 (1810). (A letter dated Goshen. January 18^ 1810, 
addressed to Dr. John Redman Coxe, the editor.] 

*' OhservHlious on Cynunche Traohealis." Phil. Mnl. Mu»etm(^, 8.) I. 
112 (1810). [A letter dated Goshen. April 20, 1810.] 

" ATrfiitisc on a Mali«;imnt Epidemic, commonly called Spotted Fbveu; 
iuiersj>ertie*l with remarks on the Nature of Fever in General, etc., 
and an Appendix in which is republished a number of Essays 
written by different authors on this epidemic, with the addition of 

Original Notes; containing, also, a f v m iginal and .st h cled cases, 
with cliDnal n marks." By Elisha Nortli. New York: Printwl 
ami soM by T. «te J. Sword??, Printers to tliL- Faculty of IMiysic of 
Columlna College. No. 160 Prarl stretl, 1811, 12 mo. pj). •^50. 

" On Extrnriion of the Stone." Au attempt to demouitUule that the 
bladder may be opened for the extraction of the stone by a poste- 
rior method of operating more conveniently to the surgeon and 

with much greater safely to the patient than by any other method 
hitherto diFfovrrcd. Eiiylnnd Journal of Medicine nnd Si/ rtjen/, 

XI, p. 113. iiepublished in Phil. J. Med. and Physical Jxtence, 
August, 1823, 

"On Fuel/' The American J&urnal of Scienee and Arti, Conducted by 
Benjamin SlUiman. Vol. XI, pp. 66-78. October, 1826. 

"The Rights of Anatomists Vindicated," by Vesalius. Three Bssayn. 
No. 1 in the O^nal of TntdUgenee, Norwich, January 81, 1829. No. 8 
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Id the 8U»U PalkuUtm, New LondoD, May 18, Na 8 in tbe 
Jl&w London Oazett^ New London. Auguat 19, 1889. 

*' Outlines of tbe Science of Life; which treat* pbjsiologlcally of both 

Body and Mind; designed noly for PblloBophen and other oaotHd 

persons. To which are added Essays on other sulijt ' f'^\ By 
Elisha North. M.D. New York: Collins «S& Co., 117 Maiden Lane. 
1820. XX, 202 pp.. 12 mo. 

" Five Bieays on Phrenology (Anthropology)." in New London QazetU. 

No. 1, Januaiy, (t) 1889. dgned N . No. 8. July 1. 1885. signed 

John Oilpln. No. 8, July 88, 1835, signed N. Nos. 4 and 6 

unsigned. 

"The Pilgrim's Progress iu I'hrenology." Part T , abridged. By Uncle 
Toby. New Londoc. Published by 8anuii l ( J reen. 18^Q 78 pp. 
8vo. Title on eorer: "The Manly yet Cliaritable Physiologist's 
Progress In Anthropology; or a Short Account of the Att of 
Making Nice and Useful Dmarcations with respect to Oiganical 
Differences.'* It ( ontains a scrap of Part I, the whole of Part III. 
Essjtys, five in number, and an Epitome. 
Dr. North also edited "Morrison's Tract on the Vituiity of the Blood." 

B. Copy of a document in possession of the New Londms County 

liifitorical Society. 

Qbotok, January 8th. 1788. 
Wee Whose Names are here Under-Wrlj^ten Desiereth that a Town 

meeting May be Called aa Soon as the Authority of AlK>ve S** town shall 
think proper for the purport of procuring a Vote of S** town to carry on 
the Small pox by Inoculation, as wee are Deaierus for Our Selves or Some 
part of Our Famclies may have that priviledg that our Nabours hath had 
before tM. 

Sime(Mi Stnitli Nath' Niles 

William Morgan Charles Smith 

Samucll Atiams Edward Packer 

David Adams Jasper Latham, Jun.' 

Jabex Shaler Dan* Psrker 

Obad'' Ball^ Solomon Perlcins 

Je' liceds. Jesse Brown 

John Woodman jr 
James Baley 
Joseph Turner. 

C. Extract from a letter (date not given) written to the Selectmen of 
Groton by Eben Ledyard. In possession of the New London County 
Historical Society: 

" Dr. Cooley offered to inoculate every person In Oroton with kine-pox 
at ;| penee. nnd give his bond to pay all expoises If any one got the small 

pox afterwards. 

"[Signed] Ebbk LaOTAKD." 
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' Sileelmen, 



D. Copy of advertisement in the ChmucUeut OouratU, February 6, 
1811: 

Vaceination. lu justice to Dr. Elisha Nortli, who is acknowledged to 
be a man of Integrity and skill In his profenion. and is believed* from his 
large experience in thekine pox, to be peculiarly well versed in the prac- 
tice of vaccinalion, wn, the subscribers liave been iiidiHf'J to State that 
Dr. North wag one umong tlic Mrsi who nmtle a vigorous (\itempt to intro- 
duce into this btaic the use of the cow-pox. Ten yean* have elapse^ since 
hia dtorts for this purpose were comnieBced. The cow-pox, like all other 
new discoveries, met, for a considerable length of time, with the most 
determined opposition. The time has, however, at length arrived in 
whicli almost evrrv ono ncknowlcda^cs its utility. We, as well as Dr. 
North, highly approve of the generous method adopted by the towus of 
New London and Hartford to induce the people to avail Uiemaelvea of 
thto great blesaii^;. 

Samuki. T vmaN, 
William Stanley, Jji., 
Ekastus Lymam, 
Ebastub Gbiswold, 

GoamiK, Jan. 14, 1811. 

The subscriber informs the people in the adjscent towns, that he will 
with pleasure extend his practice of vaccination to any distance within 
a convfiiient (lay's ridf from liis usual place of residence. As be always 
prefers to ube fresh infection, it t)ecome8 necessary to ( ouiinuniciite the 
kiue-pox to numbers at tLc same time. Tliis method of inatiugentent is 
also peculiarly calculated to reduce the expense to each Individual to a 
very moderate sum. The subscrilter will, with promptness and gratitude, 
attend, at their own places of abo<le, to all such classes as may apply to 
liitii fur tlie pnrpo!*e of rereivin*^ the cow-pox. As vaccinntioo, from its 
very nature, can never be au object worthy the attention of every physi- 
cian, the BubBcriber contemplates that those of bis medical brethren who 
may not choose to engage In this practice will net consider this attempt 
to extend Its benefits as any infringement on their medical rights and 
privileges. 

[Signed] Eusbla North. 

Go«HBK, Jan. 1811. 

The above advertisement was reprinted entire in the OonnetHcut OMettt, 
Kew London. June 14, 1816, with the following addition: 

The subscriber thinks proper to inform the public in this vicinity that 
he is ready to vnccinatc iu the manner he has formerly been accustomed 
to do. which is detailed ia the above advertisement. 

[Signed] E. North. 

New Lomixin, June 6, 1815. 

Ndfte by H. C. B. In this same number of the Qmneetieui Oatette are 
two other advertisements of " Kine Po*;k ": one by Elijah Root of East 
lladdam, who offers to Vucf inale with " puuiue Kine I'ot k matter less 
than four yean) old aud oue b^ byivester Wooster of Lyme. 
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B. Copy of idTtrtiflcment in the Cmneetieut OmeUe, New London, 
W«doe«day, July 1» 1812: 

The sutMciiber not Icwg since notiHed the dtisens of New London nnd 
ito neighborhood Ihnt be had remoTed to Kew London, where be offefed 

bimstOf tts H preclitiODor in physic and surgery, and hnving lately been 
informed that it wns understood be did not iiiti n<l to practice midwifery, 
be now takes tbis opportunity to inform tbe public that he will as retulily 
attend on calls of that description as any other; also, that be has been 
much experienced hi that part of his profusion for twenty years past. 
June 80, 1812. Eusna Noam 

F. Copy of advertisement in the CoMiMHeut OateUe, New London, 
May 6, 1819: 

To physicians, clergymen, selectmen, and others, whose duty it ia to 
take the lead in soricty in cases wlictc sickness is concerned. 

The suhscrilier wishes to be periiiiued to give information that he has 
invented a new mode of performing the operation of lithotomy, or cutting 
for the atone In the bladder, which he is coNriOBNT will greatly lessen 
the danger arising from that source. He hereby offers bis services to any 
one who may have the misforttmc to reijuire a surgeon for that purpose. 
He also wisbf'*' to rrivc informnliou that be has so far improved the instru- 
ments used for drawing off the urine in cases of obstruction of that tiuid, 
that in future no person need necessarily die from that caves alohk. 
He hss also now acquired experimental Itnowledge In the treatment of 
permanent strictures of the urethra by the Caustic Bougie (a epectes of 
knowlf-dire not nften acqtiired in tiic rniintry), and lirreby offers bi"^ ser- 
vices to any one who may be alUicted with that distressing complaint. 
He can also give correct advice and furnish the most improved trusses for 
ruptured persona. It may not be unusef^l to state that, In the manage- 
ment of diseases of the eye I have bad the pleasure to prevent total blind- 
ness and restore siirlit to twrlvr or tliirtccn persons durini; tln.> last three 
ye«rs. These would now i)i()l)uljly be moping about in tnial darkness, 
and be a burden to society and to ibemselvea, had it not been for my indi- 
vidual exertions. £diton of newspapers in and about tilts reglmi will 
probably confer a benefit upon society by giving this one insertion in thdr 
papers. 

[Signed] Elihiia Nobtu. 

New Loitoon. April, 1819. 

We, the subscribers, being personal friends and medical brethren resid- 
Ing in the same town with Dr. North, believe the publication of the above 
will probably benefit society. 

[Signed] Tnos. (Oi r. M.D., 

ARCIIIiiALD MeRCBB, 

D. T. Brainard, 

N. S. FUKIKB. 
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THi comrnNChODT betmbs ov ghildbbn; a studt is 

IHTBBBATIOKAL FOLK-LORE. 

(Read October 24th, 1887.) 
[Abstract.] 

Children playing out-door games, such as "Hide and Seek" 
and "I bpj," in winch one of their number has to take an un- 
desirable part, adopt a method of determining who shall bear the 
burden, which inToWee the pranoiple of casting lots, but differs 
in manner of execution. The process is called in Scotland 
"chapping out" and " titting out," but in England and Amer- 
ica it is commonly kuuu a us counting-out." It is usually 
oondnoted as follows: a leader, generally self-appointed, having 
aeeared the attention of the boys and f^rU about to join in the 
proposed game, arranges them in a row or in a circle around 
him as fancy may dictate. He then repeats a peculiar doggerel, 
sometimes with a rapidity which can only be acquired by great 
familiarity and a dextrous tongue, and pointing with the hand 
or forefinger to each child in snocession, not for^tting himself 
(or herself), allots to each one word of the mysterions formnla: 

One-ery, two-ery, ickery, Ann, 
Fillicy, fallacy. Nicholas, John, 
Queever, quaver, English, kuaver, 
Sthtokelimi, stanekelunii JerichOi bnok I 
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This example eontains sixteen words; if there is a greater 
number of onildreu a longer verse is used, but generally the 

number of words is i^reatcr than tlie number of children, so that 
tlie leader begins the round of the group a second time, a!id may- 
hap a third time, giving to each child one word of the doggerel. 
Hayiug completed the verse or sentence, the child on whom the 
last word falls is said to be " out,** and steps aside. In repeating 
the above dogcrcrcl, the accent falls on the first syllable of each 
polysyllabic word; a very common ending is: 

One, two, three, 
Out goes she (or he) t 

and tiie last word is generally said with great emphasis, or 
shouted. 

After the child thus "counted<ont''has withdrawn, the leader 
repeats the same doggerel with the same formalities, and, as 
before, the boy or girl to whom the last word is allot rod is 
"out" and stands aside. The unmeaning doggerel is repeated 
again and again to a diminishing number of children, and the 
process of elimination is continued until only two of them 
remain. The leader then counts-out once more, and the child 
not set free l)y the magic word is declared to be **U" and must 
take the objectionable part ia the game. 

The word " it" is always used in this technical sense, denoting 
the one bearing the disagreeable duty, or perhaps the distin- 
gnislied part, in a game; no child questions its meaning, nor 
have we learned of any substitute for this significant mono- 
syllable; it is not safe, however, to assert that there is no equiva- 
lent when we consider the innumerable whims of the army of 
children . The declaration to a child : ** You are it !** f oil owing 
the process of counting out, seems to carry "with it the force 
of a military order, and is, in many cases, more promptly obeyed 
than a parent's command. 

Ohilaren learn these rhymes by sound alone from their play- 
mates a few ]^ears older ; though accuracy is faithfully attempted^ 
changes arc introduced from time to time, and in the course of 

generations the results would scarcely he recognize!] by the chil- 
ren of an earlier period. The round gt^uie of Scandal, which 
is said to have furnished amusement to English literary celebri- 
ties, illustrates the way in which oral communications are dia- 
torted. Sinne counting-out is the main object in view, the 
puerile mind is ])rob'ihly satisfif^d with retainingthe rhythm, the 
rhyme, the number of words, and the general construction, any 
or all of these features. So far as oonnting-out is oonoemed in 
the simple rhyme : 
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'* One. two, three, four, 
Mary at the cottage door, 
Five, six, seven, eight. 
£attiig cherries off a plate ; " 

it makes no difference whether we say Jennie for Marj, kitohen 
for cottage, apples for cherries, ana picking for eating; the 

general elTcct is the same. 

A vt rv natural corruption i.^ that of : " One is all, two is all, 
six is ail, seven" into '* One erzoll, two-erzoll, zickerzoll, zan " 
bat the oonyersion of bobtail Tinegar" (with which the second 
line begins) into " Baptist minister/' is a surprise. Yet the 
history of the English lanf^nagc nfforcls continually examples 
equally ccceutric ; the names of old taverns iu England liavo 
undergone curious trantiformation at the bauds, or strictly at the 
months, of the common people. The British tar who finds his 
sea-home christened S^UerophoUf** IB not \o\\g 'm transmuting 
it into Billi/ Buffinii, a much more comprehensihle and pntisfac- 
tory name to him. L'MirondeUe,'* became in like manner 
Iron Devil, 

The sohool-boj looks apon these rhymes as merely queer 
sounds and has '^no compunction in making them queerer; 
and his genius leads him to tack on other nonsense provided it 

rhymes." (Ellis.) 

The number of these doggerels in use among children is far 
greater than commonly supposed. The speaker has collected, 
no less than 450 corrent in England and America ; of these he 

gaTO about twenty examples. 

He has also succeeded in demonstrating that the custom of 
counting-uut obtains around the world among civilized and 
semi-ciTilized races, and by correspondence and personal in- 
miiry he has collected examples in the following languages :. 
Penob-rof, Japanese, TTawali, Mantflii. TJomany, Arabic, Turk- 
ish, Armenian, Bulgarian, Modern Greek. Swedish, Portuguese, 
•Spanish, Biisque, Italian, French, Dutch, Platt-deutsch, German; 
and with the English aboTe-named they number over 870. 

HaTing established the wide distribution of the custom of 
connting-ont, the speaker discussed the antiquity and origin 
first of the jiractice and second oi the rhymes themselves. He 
finds the practice to be a survival of sortilege or divination by 
lot. Sortilege was practised amone the ancient heathen nations 
as well as by the Israelites, and ne gave many illustrations of 
this, especially dwelling on the story of Achan related by Joshua. 

The use of the lot at first received divine sanction, but after 
this was withheld, the practice fell into the hands of sorcerers, 
which very name signifies lot-taker. The doggerels themselTes 
the spesker regards as a snrviTal of the spoken charms used by 
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the sorcerers of ancient timet in oonjanction with their mystic 
incantations. He gave nnmerons examples of these charms, 

such as : 

" Huat hanat ista pista sista dotniabo damnaustra." (Cato, dd6B.O.) 
and: Irririori, ririori easere, rhuder fere," 
and: Men, trou, mor, phor, 
Tenz, sa, n>r, 
Phe, lou, ohri, 

Ge, ae, on. (Alexander of Tralles.) 

In only one instance had the speaker been able directly to 
connect n child's counting-out rhyme with a magic spell ; ac- 
cording to Leiand the rhyme beginning: 

One-ery, two-ery, ickery, Ann, 

above given, is a Gvp?y mugio spell in the Romany language. 

Tylor, in his "Prmutive Culture," holds that things which 
occupy an important place in the life-history of ^rown men in 
s savage state, become the playthings of children in a period of 
oiTiliaation; thus the sling and the bow and arrow, which 
formed the ^vof^]>ons of mankind in an early stage of its exis- 
tence, and are still the reliance of savage tribes, have become 
toys in the hands of all civilized children at the preseuL day. 
Many gamea onrrent in Enrope and America are Known to be 
aportive imitations of cnstoms which formerly had a Bignificant 
and serions aspect. 

Adopting this tlieory, the speaker holds that games of chance 
are ill part survivals of tlie practices of the sorcerer, using liiis 
word in ita restricted and etymological meaning ; he maintains, 
farther, that the spoken and written charms originally need to 
enforce priestly power, have become adjuncts to these puerile 
games, and the basis of the counting-oab doggerels under con- 
sideration. 

The idea that Enropean and American children engaged in 
'^oonntin^-out" for games are repeating in innocent ignorance 

the practices and hni ?"f^?e of a sorcerer of a dark age, is per- 
haps startling, bnt can be shown to have a high degree of prob- 
abilitv. The leader in counting-out performs an incantation, 
bnt tne children grouped around him are free from that awe 
and superstitions reverence which characterized the procedure 
in its onrlipr state. Many circumstances make this view 
plausible, and clothe the doggerels with a new and fascinating 
interest. 

Following out this idea, the speaker showed many analogies 
between ancient customs and present games of children, in the 
use of the pebble, of the inverted cap, in the design for which 
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the coniitmg*oiit b applied, etc He allowed the nmilMrity in 
all Ungnagee of the rhythm, admixture of gibherish with wordi 

having meaning, htuI in the use of numeiilt, and elaimed for 

these analogies indiuaiions of antiquity. 

He indicated the moderu origin of some of the rhymes current 
in America; as for example: 

One, two, three, four, five, six, seven; 
All good children go to HeaTBo; 

All haH clii'dren p;o beJow 

To keep company with Guitean. 

TTo «liowed also the geographical sources of some of these dog- 
gerels^ and the influence of environment on them. 

In condnsion ho referred briefly to the Anglo-Cymric Score^ 
popularly supposed to be an "Indian " method of coanting, but 
m reality of w elsh origin, as shown bj Ellis. 



(Bead NoTCmber 21st, 1887.) 

Dr. H. G. Bolton exhibited an original letter, dated April 
30th, 1801, written by Dr. Edward Miller, of New York, to Dr. 
Elisha North, of Goshen, Conn., which contained information 
bearing upon th$ early hUhry of vaeciruUionin York City, 
The cironmstancee under which the letter was written are as 
follows: 

Dr. Elisha North practised vaccination in Goshen during the 
winter of 1800-01 with marked success. In the spring, a young 
man by the name of Ives went to consult Dr. North for divera 
slight ailments and a sore on his hand. This sore Dr. North 
recognised to be a cow-pox pustule, and, on inquiry, learned that 
it was produced directly from the udder of a cow while milking. 
With lymph from this pustule. Dr. North vaccinated an Infant 
snccessfoUy, and from the infant vaccinated a Mr. Hunt. Thia 
latter going to New York on his private business while th« 
lymph was fresh, went, at Dr. North's request, to call on Dr. 
Edward ^filler, and the New York physician thus obtained fresh 
vaccine matter. The letter exhibited was one by Dr. Miller 
thanking Dr. North for his kindness in sending him vaccine 
matter. 

The date of the introduction of vaccine matter into iNew York 
City by Dr. Elisha North is Maicb 25th, 1801 (Medical Jieposi- 
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fory, 1801), and is two months earlier than the date. May 22d» 
1801, at which Dr. Valentine Seaman made his first trial of 
Yaocination. Tet Dr. Seaman is often credited with being the 
first to practise Taoci nation in New York City. It is interesting 
to note that the lymph used by Dr. North was derived from an 
American source, and not im|)orfed from England as had always 
been the custom. Furtlier details of these circumstances, with 
the f-ntire letter, will be found in the Transactions of the Conn. 
Med. Society, Vol. III., p. 135, 1887. 



Under tliis title Dr. liolton spoke of his experiences and ob- 
servations o£ a scientific and literary character during the pre- 
ceding summer. After alluding to the deplorable condition of 
the stokers on ocean steamers, who woi k in a temperature vary- 
ing from O'.i'' to 9?>° (outside being 67**), the speaker pointed 
out the literary blunder on a tablet erected in 1882 in Westmin- 
ster Aljbey by the dean and chapter. It reads, to the memory 
of J. Lemuel Chester, L. L. D., of Oolumbia OoUege,'' in- 
stead of LL.D., as every tyro knows it should be. In Oxford 
he visited Dr. J. A. H. Murniy, and the remarkable iron 
** scriptorium " in which tlie niunujscript of the new English 
dictionary of the Philological Society is preserved. He also 
Tisited the Bodleian Library, and madV some study of the por- 



chemical manuscripts in the Ashmolean collection. He exhib- 
ited a })hotograph of the statue of Dr. Priestley erected in the 
XTniversiLy museum. 

At Brighton he examined the workings of Volk's Electric 
Batlway, a line first opened in August, 1883, and extended af- 
terwards to one mile m length. Cars seating thirty passengers 
are rnn at a speed of eight miles an hour by an electric motor 
of ten horse power placed beueath the lloor. The electricity is 
generated by a fixed Orossley gas engine of tweWe horse power, 
which drives a Siemens dynamo, the current from wnich is 
conducted to the rails by cables under the road. There are two 
steep gradients (1 in i^, and 1 in 14) but the line is generally 
level, running along the beach. The expense of operating, after 
four years' experience, is said to be far less than that of steam or 
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(Read November 28th, 1887.) 



(Abstract.) 




collection, and of Dr. Dee's al- 
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horsepower. Orer one million of passengers have been trans- 
ported withoat the sliehtest injury. A similarly constructed 
railway exists at Byde, I. W. 

Crossing the oh;uinel to Jersey, the speaker was struck chiefly 
by the tides, wiiich rise forty feet, and by tlic cabbages, which 
grow on stalks eight to twelve feet high. He spoke of the de- 
creasing population, of the picturesque rocky headlands on the 
north coast, of the geological features, and of the flora and 
fanna of tlic islaiul. Passiiic: to France, he proceeded through 
Brittany to Bordeaux. Ai Kennes he observed in the handsome 
park Le Thabor" near the Archepiscopal Palace, a long, wide, 
and deep excaratioo, called by the people **VEnfer;" inquiry 
established tlie fact that the excavation had been made by 
riesta of the adjoining monastery, condemned to do penance 
y digging the hole and throwing up the earth. The banks are 
now surmounted by large and old trees. A case of the eai'th 
being modified by man, and not a i^ological phenomenon. 

At Bordeaux, he noticed on the occasion of the National 
F^,te, July 14lh. a great consumption, in the evening, of barium 
and stronLiuin uitraies. On the railway betwerni Bordeaux Dr. 
Bolton was mistakeu by French ofliciaU for a Gorman spy, and 
was closely interrogated by a gendarme, but on showing his 
passport WHS snflered to proceed. 

He alluded to the resemblance between Vichy and Saratoga, 
to the new monumout to AmpAre at Lyons, of which he was a 
native (born January 22d, 1775), and tu some euormoU8 hail- 
stones that fell one hot afternoon in Oeneva. This ittorm was 
followed next day by an atmosphere so pure that Mt. Blanc was 
distinctly and uninterruptedly seen from before sunrise until 
after sunset. At Montreux he examined tlie working of the 
chemin-dt-ftn- Juuiculaire ascending to Glion. The line, which 
hM an inclination of 57% is oonstrncted with a central cogged 
rail, into which cogged wheels on each car are adjusted. Two 
cars are so connected by cable that when one is at the top of the 
incline the other is at the bottom, and the motive ]'owor is the 
weight of water introduced into a reservoir beuealu tlie upper 
car ; the water flows into the reserfoir from a stream above; as 
soon as enough enters to overoome resistance, the car moves 
slowly downward, shutting off the water automatically, and 
pulling up the other car with its load. At the bottom of the 
incline the water is automatically discharged from the reser- 
voir. Railways are now rnn on this plan In seTcral places in 
Switzerland. That in qaestion is operated all the year aronnd; 
the expense is obviously very small. 

In the valley of St. Nicholas, on the road to Zermatt, the 
speaker noticed the method adopted by suiall farmers to recover 
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meadow land from the ravages of the glacier torrent. By con- 
structing low fitoiie walls at risht angled to the stream and ex- 
tending a short distance from tfie banks towards the oentre, silt 
is entrapped so rapidly that the space between the walls in 

conrpe of time becomes completely filled; a coarse grn?? springs 
un, and the ground is redeemed. Specimens of the verj' tine 
silt collected by him have been placed iu the hands oX Dr. A. A. 
Jnlien for miorosoopical study. 

At the Bhone glacier Dr. Bolton examined the artificial 
tunnel excavated in the ice and particularly observed the very 
beautiful color of the light withiu the tunnel; the tunnel being 
serpentine, all the light withia passed through a thick roof of 
ice^ and the color within was of a lavender bine, brilliant and 
trying to the eyes. At Luzerne, the t;i»eaker Tisited the so-called 
Gletscher-Garten, diiscovered in with its wonderful 

§ lacier mills, the largest measuring 8 m. in width and 9.5 m. in 
epth. 

In Munich, Dr. Bolton had the pleasure of social converse 
with Professor Charles A. Joy, a former president of tlio 
Academy, and always its well wisher. Professor Joy sent mes> 
sages of remembnince to all his friends in the Academy. 

Dr. Bolton alluded to the singularly obstructiTO rules for ob- 
taining books at the Royal Library, Munich, twenty-four hours' 
notice oeing required, and spoke of the superb lihrary buildirn; 
at Stuttgart. In Frankfnrt, tho Palmoti-Garteii " with its 
magnificent conservatory of puhus was oomiuende<l to botanists. 
A photograph of the interior of the oonseryatory was exhibited. 

In Holland, the s])eaker made a visit to the little island of 
.^larken; being in the Zuyder Zee, some miles from the mainland 
and accessible only by sailboats, tlie inhabitants have preserved, 
to a notable extent, ancient costumes and customs; they have 
intermarried to a Tery large extent, and the speaker thought the 
little girls especially looked strikingly similar, as if cousins. 

In Brussels, the speaker noticed another electric railway run 
by a motor oj)erated by accumulators placed bcneuth the seats. 

Beferring to London, be spoke of his personal friendship 
with the descendants of the celebrated diyine and olienilst. Dr. 
Joseph Priestley, and exhibited a historic cane now in his pos- 
session, whicli was given to Priestley by Thomas Jefferson, third 
Prppident of tho Ignited States. The cane is a Malacca stick 
witii a plain ebony top and a gold band. He also exhibited a 
anmber of lettws written by Priestley to Wedgwood between 
1780 and 1792, and promisea on another oocaslon to make their 
contents public 
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PBBLmiKART KOTICB OF JL VVW 8T0OT IK VOLE-LOBE. 

(B«ad, February IStb, 1888.) 



Dr. Bolton stated tliat lie had begun to collect and InTeBtigate 
the Teryns Used in Talkin<j to Domestic Animals. 

In controlling the movements of domestic animals by the 
▼oice, besides worcis of ordinar^r import, man nees a wiety of 
peoaliar terms, oalle, and inarticulate sonnds — not to inclade 
whistling — which vary in different localities. In driving yoked 
cattle and harnessed horses teamsters cry "get up,'' "click 



"ure,*' **axn/* "fah," ^^gio," ete*> in European coun- 
tries. 

In the United States '' cee" directs the animals away from 
the driver, hence to tiie ngut, but, according to "Webster's Dic- 
tionary, in Bnjgland the same term baa the opposite effect; 
becanse the dnver walks on tlie right lumd side of his team. 
In Virginia, mule drivers gee the animals with the cry 
** hep-yee-ee-a; " in isorfolk, England, whoosh-wo; " in 
France, **hue" and "huhaut;" m Germany **hott" and 
"hotte; in some parts of Rnssia, "haitft" serve tbe same pur- 
pose. To direct animals to the loft another series of terms is 
used, such as: "haw" (U.S.); "who-haw" (Va.); who- 
hysh" (Me.); "whoosh" (Suffolk); *' har." also ''Im" (Ger- 
many); " dia " (Prance); " vishta " (Southern Russia). 

In calling cattle in the field, a great variety of terms are 
used, of which the following are examples: "bos, bos " (Conn.); 
"sake, sake "(Conn.); coo, coo"(ya.); **sook,"and "sookey," 
also "sookow** (Southern U.S.); " koeb, koeb (Me.); 
"cnsha" (Scotland). 

In calling sheep, "konan,"and "konanny" (Ga.); "k'day, 
k'day (Conn.). In calling horses "kope" is common in the 
Southern U. S., and the Creoles of Louisiana cry "see-chuck." 
In calling hogs in the field ** chee-oo-oo " (Va.), pig-oov^ 
(111.), "chaw-awg'' (Va.), "wboon ' (Ga.), are some of tlie 
terms current in we localities named. 

Witli tlie exception of whoa, gee, and haw, and some others, 
these words are not found in dictionaries, and the speaker pro- 
poses to form a vocabulary of them. In the cases of inarticulate 
Bounds, chirps, and clicks, he adopts tbe notation of Professor 
A. Melvill Bell, author of "Visible Speech.'^ Of this system 
and its application to the case in hand he gaTe illnstrations on 
the blackboard. 



(Abstract.) 



click" (i 
" whoosh 




"gee," "haw," "whoa," 
Bnglish-sjpeaking countries; 
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Dr. Bolton gave examples of the terms used in Oormanj, 
France, Swit>:erhind, Norway, Kassia, Southern liiUiai and 
amoDg the Eskimo. Uo pointed out certain common features 
as wefl as some singular reTersals; sounds used in one country 

to start and urge horses are used in another country, or even in 
another part of the same country, to stop t)i*^in. He further gave 
quotations from eavW literature, and referred to the explanations 
occurring ia certain English dictionaries of archaic and provin- 
•cial words. 

In conclnsion, he stated that this should be regarded as a 
preliminary notice made for the purpo.^e of asking assistance 
of persons interested. He is desirous of collecting words and 
expressions (oaths excepted) used in addressine domesticated 
animals in all parts of the United States and in foreign lands. 

In particular iie seeks information as to: 

(1) The torms used to start, hasten, haw. gee, back, and stop 
horses, oxen, camels, and other animals in liarnes^. 

(2) Terms used for calling in the field: cattle, horses, mules, 
asses, camels, sheep, goats, .^^wine, jioultry, and other animals. 

(3) Exclamations nsed in driving from the person domestic 
animals. 

(4) Any expressions and inarticulate sounds used in ad- 
dressing domestic animals for any purpose whatever (dogs 
and cats). 

(5) Reference!? to information in works of travel and general 
literature will be very welcome. 

The s^)eaker suggests that persons willing to collect thesedata 
may indicate the value of vowels in EngHsn by using the vowel 
signs of Webster's Unabridged Dictionary, and in cases of difficult 
tv terms may be spelled jihonetically. lie stated tiiat he would 
be grateful for contributions, oral or written, ami tiiat materials 
used in a future publication would be credited to the con- 
tributors. Correspondence should be addressed to him at the 
University Club, New York City. 



N0TE8 OK THB B00K-8ALT VINBS OF PBHTK AKSB, 

LOiriSlAlIA. 

(Read Pebruary 13th, im.) 

(Abstract.) 

The southern coast of Louisiana, west of the Mississippi 

Biver, is indented by several bays through which the waters of 
innumerable bavons pass into the Gulf of Mexico. Near the head 
of one of these bays^ known as Vermilion Bay, there is a nearly 



11 



oironlBr island of about S,SOO acres in extent, which rises aboTe 
the low marshes of tlie vicinity to the height of 180 feet, form- 

ing a notable feature in the monotonous landscape. This is 
the well-known island of Petite Anae, al.-o called Avery's Island 
after its present owners, iu which occurs a remarkable deposit 
of rock-nUt. Petite Anse is now easily reached by rail, via 
the Southern Pacific Railroad, from New Orleans as far as New 
Iberia (about 125 miles), and thence, by a branch road, 1(» miles 
long, to the salt mine. Cotton and sugar plantntiouF, uncul- 
tivated fields, marshes, corn-fields, and cypress swamps alternate 
with laxnriant forests of lire-oak, gum, hickory, black walnnt, 
cypress, maple, and magnolia. About two-thirds of the island 
are under cultivation, the most profitable croi)8 being su<:ar, 
salt, ami 'I'obnsco pepper-sauce. Three ranges of hills can be 
traced, the tjurface water from whicli has cut its way deeply 
through the allnvial deposits^ forming rapines, which, witn 
ponds, forests, and cultivated fields, make the island a picturesque 
oasis in a do«ort of iparsh and cypress f^wanipf. 

The exislence of salt on this island has been known for a very 
long time, an shown by the fniguieuts of pottery, uiiow-hcads, 
and basket work found mized with bones of the mastodon, 
buffalo, and deer, unearthed in recent excavations. The written 
history of the de]>osit begins with 1701, when John Hays found 
a brine sprint,' wiiilc Imnting. In the last century, salt was 
made by boiling down the brine, and between the yeaig 1S12 
and 1815 the amount produced was large. It then ceased for a 
time. Later, Judge D. D. Avery became owner of the island, 
and at tlie outbreak of the rebellion renewed operatious on a 
large boale; tlte l)l()ckade made the salt exceedingly valuable, so 
that one time a bag of salt was exchanged for a bale of cotton. 
On May4th, 1862, Mr. John Marsh Avery attempted to deepen a 
brine pit, and struck rock-salt at a de])th of IC to 17 feet below 
the surface, Tho Confederate Government then instituted 
mining by means of pits, and, 400-GOO men being constantly 
employed, the island was a scene of prodigious activity. The 
Kortbern troons, however, seized theisland April 20th, 1863, and 
put a atop to tne industry. During these eleven months, about 
§2 million pounds of salt are estimated to have been taken out, 
the average price being 4i cents per pound. 

The first scientific observer who visited the deposit after these 
«Tents was Professor Richard Owen in NoTember, 1865 {Atn, J, 
Sci., July, 1866, p. 120). In 1866, Professor Charles A. Ooess- 
mann visited tlie place on behalf of the American Bureau of 
Mines lie port of the American Bureau of Mines on the Rock- 
salt Deposit of Petite Anse,'' 4to, New York, 1867), and one vear 
later it was examined by Professor E. W. Hilgard of the iJeo- 
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logical Sur?ev {Am, J. Sei.,Jm., 1869, and "Mineral Resources 
of the United States," Albert Williams, Jr., Washington, 1883). 

To the reports of these gentlemen we owe some of the par- 
ticulars of this notice. 

The rock-salt lies only fifteen to twenty feet beneath the 
surface. The surface soil is a dark loam, beneath which occur 
layers of coarse and fine sand* graYel, and day, all irregularly 
stratified and in no definite direction. The salt itself occurs 
as a massive crystalline rock of a snccharoidal texture, dry, 
hard, and hoinogeneoiis. It is of a wliite color, except in streaks- 
or bands two to six inches in width, which arc quite black 
The salt appears to hare a uniform character in all parts of the 
mine, and is remarkable for its parity, especially in its freedom 
from calcium and magnesium salts. It is also quite free from 
potassium salts ; for traces of Stassfurt salts I made especial 
search in vain. The following analyses show the great purity 
of this product : 

Analysis bv Mr. F. W, Taylor, Analysis by 

(Smithsonian Institution) ' E. W. Hilganl. 

March. 1882. 1868. 

Sodium chloride, Qa.TSl 99.880 

Calcium sulphate, 1.192 0.126 

Calcium chloride. Trace Trace 

Ma^iesium chloride, 0.013 — — 

Silica. 0.024 100.006 

Iron sesquioxide, 0.010 

Water, 0.080 



100.000 



Other analyses made by Professor Goessmann range from 98.88 

to 99.60. It is of interest to compare this with rock-suit from 
other localities. 

Cheshire. Stassfurt. Berchtesgaden,. 

So.lium chloride, 06.80 94.67 99.85 

Potassium chloride, Trace. 

Calciom chloride. Trace. 

Magnesium chloride, 0.05 0.97 0.15 
Calcium sulphate, 1.65 0.89 
Insoluble^ 8.86 
Water, .» 



100.00 100.00 100.00 



Partial analyses of the black salt have been made by Mr^ 

McCalla, the resident engineer and chemiBt, who finds that it 

yields a white solut ion and about seven per cent of ;i white in- 
soluble residue, chiefly gypsum. The black color, therefore, 
seems to be an optical phenomenon. These black bands form 
well-marked folds in the salt, the space between the ridges and 
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above them being filled with coarser granules of salt than the 

re?t. Near these bl^ck bjinds the finest cleavage crystals of 
tranaparent purity are found. These bauds seem to indicate 
that at some time the rock-mass has been subjected to lateral 
pressure^ causing ridges. 

The geological features of the island and the origin of the salt 
deposit have been discussed by both Professor Goessmann and 
Professor Hil^ard. The former thinks it is probably of ter- 
tiary age," and says, ''many circumstances favor the theory that 
the deposit is a secondary one — resulting from the evaporation of 
brine springs, originating from beds of rock-salt in some older 

fjologrcnl lormfition — and not a direct residuum of the soa. 
his explams the entire absence of intercalations of gypsum 
and the al)^ence of potassinm and magnesium compounds.'' 

ProfesBor Hilgard thinks it should be assigned to the creta- 
ceous, since there is "no phase of the tertiary history of the 
Oulf of Mexico that seems to admit of" the conditions required, 
viz.: the long-continued evaporation of some very large body of 
aea-water. He calla attention to the banded straotnre of tbe 
rook-ealt, and remarks that the Staesfnrt salts'' belondng to 
the salt mass have long ago been washed into the genornlocean. 

We would call the attention of geologists to two facts wh'fh may 
tbi*ow light on the Questions: the occurrence on the island of 
bedded sandstone ana lignite. Thesandstooe is exposed at the 
bottom of adeepravine abcQtl^SOOfeetfromtheshaft, the rock is 
of ,1 light gray color and contains little or no calcite. It is dis- 
tincUyseen to be in place, and is weathered to a considerahlo 
depth beneath the surface. At the base of another ravine, formed 
by a riTnletontting through the allnvinm, gravel and sand, and at 
a distance of about 2,000 feet from the shaft, there is an outcrop 
of lignite. The latter is apparently several feet in width and of 
good quality for economic purposes. Mr McCalla reports 
that it contains fifteen per cent of ash. Both the sandstone 
and the lignite seem to dip in each a direction (S. E.) 
as would cause them to run beneath the salt. This view 
is also confirmed by some of the borinp. Indications 
of fossil plants occur in the brown coal, but at the time 
of my visit it was unfortunately impracticable to dig deeply into 

and I had to be content with a mere surface specimen. 
^ There are four other islands stretching along the coast in the 
Ticinity, but borings have failed to reve;i! "-iM on any of them. 

The mine is now worked by a system of ciiambers and cross- 
he^idings. The single shaft has reached a depth of 166 feet (in- 
olnding the sump of 6 feet). The old workings at a depth of 
90 feet have been abandoned, owing to the infiltration from 
aboTe of water cariying with it clay and saud» which rendered 
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the aalt imfiore. Tbe lower level is at a depth of 160 feet. Tbo 
extent of the eicavation in the upper level is about 8 acres, and 

the extreme ends of tlie galleries are 900 feet apart. The ex- 
cavation on tiie lower level is much smaller. The method of 
operating is to ruu galleries about 6 to 8 feet bigii, uud tiieu to 
work upward to a height of 40feel;> leaving between tbe galleries 
large pillars to support the roof. The boring is done with a kind 
of an^cr of a German pattern, imported in deference to the pre- 
judices of the workmen, who are largely Stassfnrt miners. The 
auger is worked by hand and penetrates the salt one inch for 
every 1% revelations of the bit. The blasting is done with dy- 
namite, of which 80 to 100 boxes, each containing 100 lbs., are 
Ufceil every montli, say on an averu5:e 150 lbs. daily. 

After blasting down -iO feet, the salt is broken by sledges, 
placed in small hand-carts, and hoisted on a platform lo thesur- 
xaoe by steam power. About one hundred men are employed by the 
company, of whom fifty work below tbe surface. They work on 
ten -hours time. 

The rock mass is quite dry, but, owing to bad management 
in the ciirly hi-^tory of the mine, water from the surface runs 
into it through seams and openings; to remove this, two pumps, 
capable of throwing out 100 gallons per minute^ aie run about 
ten hours out of the twenty-fonr. The brine pumped out is 
allowed to waste. 

Ventilation is necessitated by the great (quantity of dynamite 
exploded daily. Air is supplied by a fan 8 feet in diameter^- 
4 feet wide, driven at about 250 revolutions per minute. ThiSy 
it is estimated, supplies about C«»<^,*>i*o cubic feet of air per hour. 

Pocketia of an inflammable gas have been repeatedly Rtruok, 
and on a receiit occasion lUu is^juing gas was lit and burnt fur uu 
hour or more. Perhaps this phenomenon is connected with the- 
underlying lignite. 

The engines used for running the blower, the fan, reels, 
breakers, etc., ore three in number, and aggregate 250 horse- 
power. 

The salt brought to the surface is crushed between corrugated 
rollers driven at liigbspeed; one set breaks it into lumps from twa 

to tliree inches in diameter, and another into lumps one-hnTf 
inch in diameter and finer. It is then ground into various 
grades by six buhr-stone mills, each capable of grinding 50 tons 
in ten hours. Tbe salt is sorted by jigs, revolving r^is, and 
blowers, the fine dust being blown out by a horisontal current 
of air striking against a column of falling salt. 

The salt is ^eut into market in eiglit grades: (1) Rock-salt in 
lumps from 100 to 300 pounds, used by farmers, it being placed 
under sheds for cattle to lick. (8) Cmsbed salt that passes 
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ovur ^-luch 8creeu3 and through ^-inch screens. (3) **Fi8h 
salt," inclnding all which passes through a |-inoli screen. 
(4) (Joarse ground. (5) Meaium gronnd. (6) Fine ground. 
(7) For sack and barrel salt the coarser particles of grade 6 are 
screened out with a wire screen of ten meshes to the inch, and 
the fine dust is blown out. (8) The line dust thus blown out 
diTides itself by gravity into an impalpable part (which !a 
thrown away, being a small percentage) and a coarser part, 
wliicli forms table salt The salt is shipped to market in sacks 
and barrels. 

For the year ending July, 1887, the2>roduct was 44,000 tons. 
In a busy season, the daily shipments run as high as 800 tons. 
Formerly the material was transported by water, through acanal 

expresf?ly maintained for the purpose, into tlie bay some miles 
distant; now the ruilwiiv carries it exclusivelv. 

Tiie amount of salt in sight is very great, and the possible 
extent of the deposit is enormous. Borings show that about 
142 acres of ground are underlaid with salt, the extreme depth of 
wliich hjis not been ascertained, thoug:h borings have been sunk 
190 feet. Everywhere the character of the salt is the same, and 
the mine is evidently destined to supply the market for 
generations to oome. At present, the owners of the property 
have leased the mining privilege for a consideration to the 
American Salt Com)>any. 

[Specimens of sandstone, lignite, and salt were exhibited, 
the latter in transparent cleavage crystals some of which mea- 
sured 4x3x2 inches.] 

Dr. Bolton expressed his obligations to Capt.Hascall for hospi- 
tality, and to tlie Messrs. Avery for ronrtesies during: his visit. 
He also desired to thank Mr. McCaila for kind attentions and 
valaed information. 
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THE LUNAB SOCIETY. 

The Luuur -Society was an informnl club or associiition of 
scientific men which flourished in Birniinghum for nearlj forty 
years. It was founded about the year 1766, by Matthew Boul- 
ton, Dr. Erasmus Darwin, Dr. "William Small and their friends; 
they do not seem to hfive nnmbored more than eight or ten at 
any one time, and they met at each other's houses for dinner every 
mouth near the full moon, ** in order," says Dr. Priestley, "to 
iiaye the benefit of its light in returning home." Hence the name 
Lunar Society. The members were accustomed to sit down to 
dinner at two o'clock, and did not part until eight, excluinging 
views witli eacii othrr on topics relating to literature, science, 
and arts, each couuibutiug his quota of entertainment and in- 
atniction. 

Each member was allowed to bring with him a friend, and 
thus many distinguished guests were present at these philoso- 
phical baufjiiets. The society occasionally held *' meetings ex- 
traordinary/' in iionor of scieutitic magnates from abroad. 

Among the members of the Lnnar Society were the following 
eminent men of science. 

Matthew Boulton, F.R.S. (17"-is-1809), mechanical engiiiee^r 
and inventor nf improvements in the steam-cugiuc. A partner 
of James Watt. 

Dr. Erasmus Darwin, F.R.S. ri7dl-1802), physician, poet, 
-and naturalist. Author of '"The Botanic Garden.*' 

Dr. William Small (17;34-i::5), an intimate friend of Dar- 
win, H.mlron, and Watt. He was an accomplished physician, 
chemihL, uud mechanist, lie held the jprofessorship of mathe- 
matics and natural philosophy in Wilbam and Mary College, 
Virginia, for some years, but returned to England and setffled 
in Birmingham. 

ThomnsDay (1748-1789), a wealthy, eccentric philanthro^^^st, 
best known as tlie author of ^^Sandford and Merlon." A friend 
<»f Oapt. Eeir. 

Bichard LoTell Edgworth, F.R.S. (1744-1817), author and 
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philosopher ; he contributed papen to the Bojal Society. A 
friend of Day and Darwin. 

Dr. William Withering, F.R.S. (1741-179^), phjrgiciau, bota- 
nisl, and ohomist He analysed the mineral witberite named in 
his honor. 

James Watt, F.U.S. (l?3n 1819), inventor of improvements 
in the steam-eugme, chymist, and engineer. Partner of Boal- 
ton. 

Oaptain James Keir (17. .-1814), ehemisi and author; pro- 
prietor of several chemical establishments at West Bromwich 
near Birmingham. A friend of Darwin and Small. 

John Baskerville (1706-1775), inTentor of .superior type, and 
publisher of staudurd works. 

Rot. Dr. Joseph Priestley, F.Ra (1783-1804), the father of 
pneumatic chemistry, theologian, and philosopher. 

William Murdock (1754-1839), mechanical engineer, superin- 
tendent of the works of Boulton and Watt. Inventor of the 
system of lighting by gas, and of many improvements iu steam 
machinery. 

Bev. R. A. Johnson, F.R.S., of Kenil worth. 

Mr. Samuel Galton, F.R.S., a wealthy man of letters, weU 
skilled in clieinistry and natural history, 

Mr. Samuel Galton, junior, his son. 

Dr. Stoke, a physician of Birmingham. 

Among the guests known to have been entertained vere the 
following- distinguished men of science and letters : 

Josiah Wedgwood, F.R.S. (1730-1795), the well-known potter 
and inventor of the ware called by his name. 

Sir Joseph Banks, F.B.8. (1743-1820), botanist, Pi-esidentof 
the Royal Society. 

Sir Wnii:im Tfersclicl. F.R.S. (1738-1822), the most distin- 
guished astronomer of the century. 

John Smeaton (1724-1792), civil engineer, builder of Eddy- 
stone Lighthonse. 

Dr. Samnel Parr (1747-1825), eminent Bnglish scholar and 
on tic. 

The Rev, Hugh Blair, D. D. (1718-1800), author of Lectures 
on Rhetoric." Professor in the University of Edinburgh. 

• Adam Afzelius (1750-1836), Swedish boUnist. He visited 
England in 1789. 

Dr. Daniel C. Solander, F.R.S. (1736-17S2), Swedish Natu- 
ralist and physician, Librarian Briiisii Museum. 

Jean Andre de Luc (1727-1817), Swiss natural philosopher 
and geologist 

Dr. Pieter Camper, F.R.S. (1722-.1789), Dutch natnralist 
and anatomist. 



Mr. John Wilkinion, iTon-master, Vother-in-law to Dr. 

Priestley. 

Mr. William Bcwly, a surgeon and apothecary of Norfolk, 
author of letters on the chemistry of gases. A friend of Dr. 
Priestley. 

Mr. Collins, an American "rebel." 

Dr. llenrv Moves, of Edinburp^l). lecturer on chemistry, 
though blind. He emignited (o America in 1785. 

Mr. M. Bobinson Boulton, 8011 of Matthew. 

The Rot. Joseph Barring ton, fiaman Catholic ptriest of 
Oscott, a small hunilct, seven or eight miles from Birmingham. 
Author of several historical works. 

Of the original meriilMTR, two, Small and Baskcrvillc, died in 
1175. Dr. Priestley did not become a member until 1780, and, 
Hnrdock being 80 much younger, mast have j med still later. 
Ap{>arent]y, tbe society kept no records of its meetings, and bat 
scanty notices of its proceedings can be gathered from the coiTe- 
spondencc of its members. 

We have given 1766 as the date of the commencement of these 
social gatherings, bat it is probable that they occnrred still 
earlier, for when James Watt visited Soho in 1768 on his way 
from London to Glasgow, Dr. Small, Dr. Darwin, and Capt. 
Keir were invited to meet him at **Vho(clde VamiiiL- sur Hait'ls- 
worth Heathj" as Matthew Boulton styled his hospitable man- 
sion. The Society had not perfected its method of oondacting 
afifairs as late as 1776, for in this year Boulton wrote to Watt, 
who had settled in Birmingham: 

Pray remember that the celebration of the third full moon 
will be on Saturday, March 3d; Darwin and Keir will botli be at 
Soho. I then propose to sabmit many motions to the members 
respecting new laws and regulations, soch as will tend to preTent 
the decline of a Society winch, I hope, will be lasting." 

Boulton was of a thoroughly social disposition, and the form- 
atioji of the Lunur .Society wiid a natural outgrowth of his genial 
character. He took pleasure in gathering about him in his 
home persons of kindred tastes and pursuits, in order both to 
enjoy their friendship and to eultivatc his nature by interconrj?e 
with minds of the highest pattern. He was a favorite alike with 
children and philosophers, witli noble gue.-jts and i<imple work- 
men of Oomwall. London had not at that period absorbed to so 
great a degree the active intelligence of England, especially in 
the higher departments of science, art, and literature. The 
men of that period, though busy with their professional duties 
and domestic cares, wore not so wholly engrossed in the turmoil 
•of business which makes life a burden for so many in the present 
age, and found time for relaxation in conTirial gatherings* In 
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Liverpool, Roscoe ami Currie were the centres of a social intel- 
lectual circle; at "Warrington, Aiken, Entield, and, for a time, 
Priestley, were tlie leading spirit^s uf uuoLher; at Bristol, Dr. Bed- 
doeB and Humphrey Davy of a third; and at Norwich, the Tay- 
lors and Martineaus of a fourth. In LondoD, Sir Joseph Banka^ 
Dr. Solander, vSir Charles Blagden, Dr. George Foruyce, Drs. 
Milner and Maskelyne. Captain Cook, Sir G. 81iuckt)nrgh, Lord 
Mulgraire, John buieatou, and Jesse liamsden will) EUgwortk 
andothert, met once a week at Jaok's Ooifee House, and after- 
wards at Young Slaughter's Coffee House for social conTerse. 
This assemblage had no distinctive name. Benjamin Franklin 
was a fre(|uent attendant, and ulhuies to it in his correspond- 
ence. But the most distinguished gatherings of all were those 
of the Lunar SocietT at Birmingham. 

The Patriarch oi the Society was Dr. Erasmus Darwin, at 
least until he removed to Derby in 1782. " His fame as a doc- 
tor, philoso))l)er, and poet was great tlirougiiout the Midland 
Counties. He was extremely speculative in all directions, even 
in such matters as driTing wheel carriages by steam." Being 
very busy with his medical practice atLichfield, he was not very 
regular in his attendance at rho dinners of the Society, and ex- 
cused iiimself for his absence by such a letter as the following: 

April 5th, ITTS. 
Dear Boultox: — I am sorry the infernal divinitie? wlm visit 
mankind with diseases, and are therefore at perpetual war with 
doctors, should hare prevented m;^ seeing all your great men at 
Soho to-day. Lord I what inventions, what wit, what rhetoric, 
metaphysical, mechanical, and pyroteclmical, will be on the 
wing, bandied like a shuttlecock from one to another of your 
troup of philosophers ! while poor I, I bv myself I, imprison'd 
in a nosfr'Chaise, am joggrd, and jostrd, and hnmp'd, and 
hruisea along the King's highroad to make wai* upon a stomach- 
ache or a fever/' . . . [Signed] Erasmus Dabwik. 

The society evidently served the purpose of a scientific ex* 
change, each memher contributing at the monthly meeting re- 
sults of his own observations, and reporting news from without 
the circle. Before the establishment of weekly journals of sci- 
ence, this exchange was tiie natural means of intercommuaica- 
tion, just as the Athenians gathered on Mars Hill " to tell or 
to hear some new thing" in the political world. The society 
seems further to have been chosen by persons from a distance as 
a channel for announcing their own discoveries or those of 
others to scientists who would appreciate and publish them.. 
James Watt wrote to the Irish chemist Eirwan as follows: 
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Birmingham, Not. 14th, 1783. 
DiAB Sir: — ^Yonr obliging commumcatioii of Mr. Scheele'B 

process of making the Prussian acid gave me great pleasure, 
and, according to yonr desire, I communicated it to our Lunar 
Society last Monday, who desire me to return to you Iheir 
thanks. . . . James Watt. 

When Dr. Priestley dissolved hh connection with Lord 
Shelburne, and removed to BirminnlKun in 1T80, lie Avns warmly 
welcomed by the members of tlio Lunar Society as a valuable 
acqaisition. Ha had corresponded with BonUoo, and was al- 
ready celebrated for his publications and his discoveries in gas 
chemistry. His discovery of nitric oxide dates from 1772; that 
of ammonia, hydrochloric acid, and oxygen from 1774; sul- 
phurous acid gas and silicou-tetrulUioride, 1775; and nitrous 
oxide (laughing gas), 1776. He had published three Tolomea 
of his Experiments and Observations on Air,'' and was en- 
gaged on a fourth. Priestley's love of polemics in meta])liysics 
and theology was lellected in his work in science, and though 
unassuming and gentle in disposition, his advent infused new 
Yigor into the society, and henceforth gave a chemical turn to 
the weighty discussions of the feasting philosophers. 

In liis autobiographj, Priestley refers to these meetings in the 
following language: 

" 1 consider my settlement at Birmingham as the happiest 
event in my life, being highly favorable to every object I had in 
view, philosophical or theological. In the former respect, I 
had the convenience of ^ood workmen of everv kind and the so- 
cietj of persons eminent for their knowledge of cliemistry, par- 
tiCQiarly Mr. Watt, Mr. Keir, and Dr. Withering. Tliese, 
with Mr. Boalton and Dr. Darwin, Mr. Gnlton, and, afterwards, 
Mr. Johnson, of Kcnilworth, and myself, dined together every 
month, calling ourselves the Lnnar Society, because the time 
of our meetio|; was the full moon.'' 

The invitations sent ont by the host were not formal, but in 
ilie nature of friendly letters, in which hints were given as to 
the intellectual feast in store. Thus, on January 3(1, 1781, 
Watt wrote to Dr. Darwin: " I beg that you would impress ou 
yonr memory the idea that you promised to dine with sundry 
men of learning at my house on Monday next, and that you 
will realize the idea. For your encouragement there is a new 
book to cut up, and it is to be determined whether or not heat 
is a compound of j)lilogiston and empyreal air, and whether a 
mirror can rellect the lieat of the lire. I give you a friendly 
warning that you may be found wanting whichever opinion jou 
adopt in the latter qnestioo; therefore be cautious, if you aro 
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meek and humble, perhaps you maj be told what light is made 
of, and also how to make it, and the theory prored both by syn- 
thesis and analysis.'' 

To this commnnication, Dr. Darwin sent the following carl* 
oas and characteristic answer: 

Beau Desert, January 6th, 178L 
Dear Mr. Watt:— You know there is a perpetual war car- 
ried oii between the devil and all holy men. Sometimes one 

Srerails in an odd skirmish or so, and sometimes the other. 
Fow, you must know that this said devil has played me a slip- 
nery trick, and, I fear, prevented me from coming to join the 
holy mo)] it your house, by sending the measles with peripneu- 
mony amongst nine beautiful children of Lord PageL's. For I 
^must suppose it is a work of the devil 1 Surely the Lord could 
/ MTor thmk of amusing himself by setting nine innocent little 
I animals to cough their hearts up. Pray, ask your learned So- 
' ciety if this partial evil contributes to any i)ublic gnod, if this 
j pain is necessary to establish the subordination or different links 
i m the chain of animation. If one was to bo weaker and less 

Eerfect than another, must he therefore have pain as a part of 
is portion ? Pray, inquire of your philosophers, and rescue 
me from Manichaeism. 

As to material philosophy, I can tell you some secrets in re- 
turn for yours, viz., that atmospheric air is composed of light, 
and the earth of water (and aqueous earth). That water U 
composed of aqueous gas which is displaced from its earth by oil 
• of vitriol. Pray, make my best devoirs to all the Phlos., and 
pray tell Dr. Priestley that I wish he would try whether a plant 
insulated in will si>oil air. E. Darwin. 

When Darwin removed to Derby, he wrote to the Society: 
" I am here cut ofl from the milk of science, which flows in 
snch redundant streams from your learned Lunatics, and which, 

I can assure you, is a very crreat regret to me,*' 

In another letter lio said: 

''I hope philosopiiy and tire-engines continue to go on well. 
You heard we sent yonr Society an air balloon, which was calcu- 
lated to have fallen in your garden at Soho, but the wicked wind 
carried it to Sir Edward Littleton's. Pray, give my compli- 
ments in vour learned Society.** 

On another occasion, Darwin wrote to Boulton: 

" I hope Behemoth has strength in his loins. Belial and Ash- 
taroth are two other dcTils of consequence and good names for 
engines of fire." 

Judging by these lebters^ Darwin was certainly a lively asso- 
ciate. 
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The meetings of the pliilosophers at Mr. Ottlton's must hare 

been among the most ilelightful. The host wrv^ a man of snpe- 
rior intellectual endowments, well skilled in the exact sciences, 
and a member of the Royal Society and of the Linna^an Society. 
He was of the Quaker persuasion, and a man of family and 
opulence. He at first resided at The Five Ways aboat one mile 
from Birmingham, hut in 1T85 moved to Great Barr House, a 
beantifnl estate of Sir Joseph Scott, about seven miles further 
from town. Tlie house was large and rambling, it had four or 
Ato different staircases and halli^, and was more like an assem- 
blage of several houses under one roof. It was situated in an 
amphitheatre of wooded hills, and was bordered ')v ^ui old- 
fashinned Dutch garden full of fish ponds. In this comfortable 
mansion the Lunar Society was uio6i hospitably entertained. 
Mr. Galton's danghter Hary Anne (afterwards Mrs. Sehimmel 
Penninck) characterizes the members with a ^aceful pen. Mr. 
Boulton, wliom she calls the Father of Birmingham, "was tall 
and of a noble appearance; hifj temperament was sanguine, with 
that slight mixture of phlegmatic whicli gives calmness and 
dignity; his manners were eminently open and cordial; he took 
the lead in conversations, and with a social heart had ixfjrandiose 
m:!' nor like that arising from position, wealth, and habitual 
connuand, lie wont among hia jieoplo like a monarch bestow- 
ing la igea^. Ills forehead wafs ma^niUceiiL; the organs of com- 
iKuison, constrnctiyeness, and of indiTidnality were immense* 
The characteristics of Mr. Watt, his partner, were altogether 
different. Mr. Boulton was a man to rule society with dignity; 
Mr. Watt to lead the cimitemplative life of a deeply introverted 
and patiently observant philosopher. He was one of the most 
complete specimens of the melancholic temperament. His head 
was generally bent forward or leaning on his hand in meditation; 
his snonldcrs stooping, and his chest fallen in; his limbs lank 
and unmuacular, and his complexion sallow. His intellectual 
development was magnificent. . . . Whilst Mr. Boulton's eye 
and countenance had something of radiance, Mr. Watt's were 
calm, as if patiently investigating or quietly contemplating his 
object. His utterance was slow and unimpassioned, deep and 
low in tone, with a broad Scotch accent; his manners gentle, 
modest, unassuming. In a company where he was not kaowii, 
unless spoken to, he might have tranquilly passed the whole 
time in pursuing his own meditations. But this could not well 
happen; for, in point of fact, everybody prMcncally knew the 
intinite variety of his talentti and stores of knowledge. Wlien 
Mr. Watt entered a room, men of letters, men of science, nay, 
military men, artists, ladies, even little children thronged aroand 
him. I remember a celebrated Swedish artist having been in- 
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etructed by him that rats" whisker? make the most pliant and 
eiuatic paiuting-brui>h; ladies would uupeai to him on the best 
means of devising grates, curing smoking chimneys, wai*ming 
their houses, and obtaining fast colors. I can speak from ex- 
perience of his teacliing me liow to make a dulcimer and improve 
a Jew's harp." QiiiLe different was the aspect of Dr. Wither- 
ing; he was the personification of that which belongs to a 
physician and a naturalist; enormous were his organs of propor- 
tion and individnalitj, and great were hia powers of aotiye 
investigation and accurate detail. His features were sharpened 
by minute and sagacious observation. He was kind, but his 
^reat accuracy and caution rendered his manner less open, and 
It had neither the wide popularity of Mr. Boulton's, nor the 
attraction of Mr. Watt's true modesty." 

Of Dr. Priestley she savs: he was '*a man of admirable sim- 
plicity, gentlenesa, and kindness of heart, united with great 
acuteuess of intellect. I cuu never forget the impression pro- 
dnoed on me by the serene expression of his oountenanoe. He> 
indeed, seemed present with God by recollection and with man by 
cheerfulness." Siie dilTered from Dr. Priestley in his religious 
views, but pays a handsome tribute to his earnestness, candor, 
and sincerity. 

Captain Keir she characterises as *' the wit, the man of the 
world, the finished gentleman, who gave life and animation to 

the party." 

Dr. Stoke she calls profoundly scientific and eminently ab- 
sent," and relates the following incident in which he was concerned. 
« On one occasion, when the Lunar Meeting, or " Lunatics," 
as our butler called them, were seated at dinner, a blazing fire 
beiui^ in the room, wc wore astonished bv hearing a sudden 
hissiny woi&Hy and seeing u large and bcautiiul, yellow and black 
snake rushing about the room. My dear mother, who saw it 
was not venomous, said to me: ' Mary Anne, go and catch that 
snake,' which, after some trouble, and thinking all the while 
of little Harry Sandford and Tommy Merton, I succeeded in ac- 
complishing. We were wondering where it could have come 
from, when Dr. Stoke said that, as he wiis riding along, he had 
seen the poor animal frozen on a bank, and put itin hispocketto 
dissect, but the snake had thawed and escaped from his pocket. 
The doctor praised me very much for my prowess, and as a reward 
he made me a present of my prisoner, which I long kept ia a 
glass jar and carefully tended every day; at last, howerer, I 
gave him his freedom." 

Of the eccentric Dr. Darwin the lady had less agreeable 
reminiscences. The doctor had been called professionally to 
see her mother; he arrived in worn-out, muddy *' suiky,^' fitted 
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up with receptacles for writing and eating, stocked with sweet 
confections, of which he was fond, and hoaped up wit)i books 
from the floor to the front window. "We all hastened,*' site 
says, ''to the window to see Dr. Darwin, of whom we had heard 
00 mnoh, and whom I was prepared to honor and Tenerate, in no 
common degree, as the restorer of my mother's health. What 
then was my astonishment at beholding him, as he slowly got 
out of the carriage I His tigure was vast and massive, his iiead 
was almost bariMi on his shoulders, and he wore a scratch-wig, 
as it is called, tied up in a little bobtail behind.'' Meanwhile, 
amidst all tliis, the doctor's eve was deeply sagacious, his obser- 
vation most keen, and his inteiligence well calculated to inspire 
contideuoe iu his patients. When conversation began, his flow 
of wit and anecdote was most entertaining and astonishing, in 
spite of an inveterate stammering. 

Elsewhere slic records the painful impression made on her by 
the doclors irreligion.' 

During the years ITSO to 178u, pneumatic chemistry was the 
principal topic under disonssion, for Priestley and Watt were each 
contributing his share to the much-vexed question of tlio consti- 
tution of water. Cavendish in London, Lavoisier in Paris, and 
Watt in Birminghnni were three rival claimants for the honor 
of the discovery of the composition of water. Priestley, as a friend 
of Watt, commanicated speedily the results of his experiments, 
sometimes it is reasonable to believe, over the festive board of the 
Lunarians, and left the conclusion^ tf» be drawn by others. As 
to the relative nuriiii of the claimants, that is foreign to the 
purr)08e of this essay. 

Tne Priestley-Wedgwood correspondence' shows that in 1783 
the philosophers were greatly exercised over Priestley's discovery 
of theconversion of water intoair, the fallacy of which he himself 
afterwards? admitted. 

Tlie Phlogistic Theory, which had been the controlling spirit 
in chemical philosophy for nearly a century, received its death- 
blow at the hands of Priestley himself, when he isolated oxygen 



* We have ventured to quote, at great lenKth, from Mrs. Sohimmel 
Penniuok'a Krapbio remintscenoee, because they certainlv bear the im- 
press of truth and are lifelike in their portrait nr. . She had every ad- 
vantage of forming tbe acquaintanco of the members of the Society, her 
father being active in it from the time She was eight vears old nntll she 
was five and tw ntv and a tenacious memory, added to n power of 
discriiuiaatiou ut uuu.sual delicacy^ enabled her, in after years, to 
record her aouvenirs. Her inotlier was a most intimate friend of Mrs. 
Priestley, and William Priestley was a playmate in her youth. Life 
of Mary Ann Schiiuniei Pennxnck," edited bv C. C. Haukui. London, 
1869.) 

* See authorities at the close of (his paper. 
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on the 1st August, 1?74. But he, a«! well known, failed to per- 
ceive the iinportaut bearing of hi3 own discovery, and it was 
across the channel that Lavoisier and other French chemists 
were skilhiUy barring the corpse out of sight The French 
theory of combustion was but slowly accepted by conserratiTe 
Englishmen, and slowest of nil by the friends of Pries'tlev. 

in the transition period, hydrogen was for a time believed to 
be the eluBiTe phlogiston; to this phase of doctrine, Boulton 
allades in a letter to Wedgwood dated March 30th, 1781. 

""We have long talked of phlogiston without knowing what 
we talked about: but now that Dr. Priestley hath brought the 
matter to light, we can pour that element out of one vessel into 
another, can tell how much of it bv aoonrate measurement is 
neceesary to reduce a calx to a metal, which is easily done, and 
without putting tliat calx into contact with any visible thing. 
In short, this goddess of levity can be measured and weighed 
like other matter. For the rest, I refer you to the doctor him- 
self." ' ^ 

A few months later, Priestley himself wrote to his friend, 
Josiah Wedgwood : Before my late experiments, phlogiston was 
indeed almost given up by the Lunar Society, bat now !t seems 
to be re-established " (March 2l8t, 1782). 

Again Boalton writes to his partner, Watt, Jnly 8d, 1781. 

"I dined yesterday at the Lunar Society (Eeir's house); there 
was Blair, rriestley, Withering, Galton, and an American 
" rebel," Mr. Collin?. Nothing new, except that some of my 
white spathos iron ore was found to contain more air than any 
ore Priestley had ever tried, and what is singular, it contains no 
common air, but is part fixable and part inflammable.'' 

On September 20th, 1785, Watt wrote to Boulton : 

**The Lunar Society was held yesterday at Mr. Galton's at 
Barr. It was rather dull, there having been uo philosophical 
news lately, except Mr. Kirwan's discovery of an air from phos- 
phorus, which takes fire of itself on being mixed with common 
or dephlogisticated air." 

Wo imagine tliat the philosopiiers would have hardly regarded 
their feast as dull, could Mr. Kirwan have shown to them the 
beantifnl yet nauseating experiment of spontaneonsly inflamma- 
ble phosphoretted hydrogen. And a modern Academy of 
Sciences would be enthusiastic over such a notable discovery.' 

The discussions of the philosophic conn'i'es were not, however, 
confined e.xclusively to chemistry. The period was one of great 

' Gengenibre, one of Lavoisier's pupils, liad discovered inflammable 
phosphoretted hydrogen in 1783, but Kirwan's discovery was made in- 
dependently. 
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activity in tlie world of science; Laplace was upphing his 
mathematical ^cniua to the problems of astronomy ; iHerscbel 
was sweeping tTie heavens with his gigantic telescopes ; Galvani 
and Volta were laying tlie fomulationg of a revolution in elec- 
tricity ; Count Kinnfoid in Bavaria, was devoting iiis great 
energy to industrial ami social economy; Ilutton and Werner 
were geologizing in their respectiye conntries; Hauy was syste- 
matizing the iiuiumerable crystalline forms occurring in natnre; 
the Mongoltier Ijrothers were experimcntitig witli air-'»;i1loon8, 
and prophesying tiie yet unsolved probk in of atirial navigation ; 
Capt. James Cook returned from his memorable voyages around 
the world foil of adventure and novelties in nature; the appli- 
oation of ^^team to the driving of land carriages and the propel- 
ling of boats was gradually beinsr perfected by ]>arience and 
genius. 'JMiese together with ilie nietapliysical and even the politi- 
cal questions of the day, must have engros^sed the attention of the 
talented friends who dined together at the full moon. The ])re- 
dileotions of their guests sometimes determined the character of 
the subjects discussed. Thus, in the antnmn of 178'^\. the 
veneraliie engineer Snieatou, having business in Birmingham 
connected with his canal, was invited to attend a meeting of the 
Lunarians at the bouse of Watt. Watt wrote of this evening's 
proceedings to ius firiend Boulton, then in London, as follows : 
*• Smeaton grows old and is rather more talkative than he was, 
but retain:^ in i)erfection his perspicuity of expression and good 
sense. Ue came to the philosopher;^' meeting at my house on 
Monday* and we were receiving an account of his experiments 
on rotatives and some new ones Tie has made, when unluckily his 
facts did not agree with Dr. Moyos, the blind philosopher's 
theories, which made Moyes contradict Smeaton, and brought 
on a dispute which lost us the information we hoped for, and 
took away all the pleasure of the meeting, as it lasted two hours 
without coming half an inch nearer to the point." (October 
26th, 178-^.) 

It has been surmised that the Lunar Society discussed the 
action of light upon nitrate of silver, and the apVlioation of this 
phenomenon to the production of pictures. This suggestion 
was made by Mr. W. P. Smith, at a meeting of the Photo- 
graphic Society of Birmingham in 18G3, and was based on tlie 
discovery in Mr. Boulton's library at Soho of certain photo- 
graphic pictures on metallic plates. It was understood at the 
time that Boulton's rooms had been closed for fifty years, but 
this proved to be an error, and the pictures were probably made 
by a Miss Wilkinson who had access to the rooms, Jind who had 
experimented in photography soon after its invention by Niepce. 
It 18 well known that Thomas AVedgwood, sou of Josiah, is said 
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to have made "silver pictures" under Sir Humphrey Dary'g. 

eyes as early as 1791-'93, lience during the existence of the 
Lunar Society. A fac-simile of one of these early photographs 
is prefixed to Miss Meteyarci 's "Life of the Younger Wedgwoods,"" 
bat she herself throws some doubt on its authenticity. 

The pliilosophical converse of the learned men was sometimes 
enlivened by humorous iiitcrlnlfs, such as the following: Dr, Par- 
win, whose levity in religious matters was notorious, 1ia<1 invented 
a 8i>eaking machine which pronounced "papa," mamma," and. 
other woras quite accurately. Mr. Bool ton, who perhaps had 
suffered from the caustic wit of the doctor, drew up the follow* 
ing satirical contract. 

" I promise to pay to Dr. Darwin, of Lich field, one thon?tnid 
pounds upon iiis delivering to me (within two years from date 
hereof) an instrument called an organ that is capable of pro- 
nouncing the Lord's Prayer, the Creed, and Ten Command men ta 
in the vulgar tongue, and his ceding to me, and me only, the 
property of the said iuveution with ail the advantages there- 
unto appertaiuiiig." 

[Signed] M. BoVLTOlf. 

SOHO, September 3d, 1787, 
Wirness, James Keih. 
^Vitnes8, W. 8m ALL. 

A wide range of topics was admitted in the discussions at the 
informal meetings. Mrs. Schimmel Peniiinck, already quoted, 
givo.^ a vivid picture of an exciting scene in her father's house, 
li W'iis in the summer of 17b8, and Matthew Boulton presented 
to the company his son M. Robinson Boulton, who had Just 
returned from a long sojourn in Paris. "I well remember, 
writes Mrs. Schimmel Penninck, **my astonishment at his full 
dress in the hifrlu^st adornment of Parisian fashion ; but I 
noticed as a remarkable thing that the company (wliich consisted 
of some of the first men in Europe), all witn one accord gathered 
around him and asked innumerable questions, the drift of which 
I did not fully untlerstand. It wfis wonderful to me to see Dr. 
Priestley, Dr. Witliering, Mr. Watt, Mr. Boulton himself, and 
Mr. Keir manifest the most intense interest, each according to 
his preTailing characteristics, as they almost hung upon his 
words ; and it was impossible. to mistake the indications of deep 
anxiety, hope, fear, curiosity, ardent zeal, or thoughtful gravity 
which alternately marked their countenances, as well as thosdof 
my own parents. My ears caught the words * Marie Antoinette,' 
' Cardinal de Rohan,' ' diamond necklace,' * famine,' 'discontent 
among the people,' 'sullen silence instead of shouts of Vive le 
Roi I ' All present seemed to giTe a fearful attention. Why, I 
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did not then well know^ and in a day or two, these things werfr 
almost forgotten by me, but the rest of the piirty lieard, na 
doubt, in the young ni:in's luinativc, the distant though as yet 
faint, riiiing of tiie storm whicii a year later was to burst upon 
France, and in its course to desolate Europe/' 

It is proper to n to that Mary Anno Galton was but eleTen 
years of age at the time whica she describes from memory in 



In 1T91 a popular outbreak pecurred in Birmingham, which 
threatened tne Tery existence of the Lunar Society. A riotous 
mob, led by designing men of the baser sort, took possession,^ 
as it were, of the town, ;ind for fourdays (July 14th to 17th) pil- 
laged and deeitroyed private property to the value of over one 
hundred thousand pounds. These July riots have often been 
described and details of the fanatical and violent proceedings 
do not belong to this place. We can but briefly say that the 
animosity was caused byj)olitical bias and religious intolerance, 
and was especially directed again.-t Dr. Priestley and his friends 
who had openly expressed their sympathy with the French Re- 
Tolution, and as Dissenters were Known to be opposed to the Es* 
tablished CMiurch. The enraged mob, at first small in number, 
but increasing to more than a thousand, attacked first a com- 
uanj of eighty gentlemen who were dining together at a public 
nonse to commemorate the anniversary of the French Revolution » 
The mob broke the horel windows, and shouting " Church and 
KiiKj,"' sought out Dr. Priestley, who liad not dined witii the 
company. Not finding him, the mob rushed to the '* Xew 
Meeting House, of which the £ev. Doctor was pastor, and 
destroyed it by fire. They then sought another Dissenting 
Chapel, and, having levelled it to the ground, marched over a 
mile to the residence of Dr. Priestley, whicli was plundered 
without mercy. His philosophical apparatus was ruthlessly de- 
stroyed and his library and manuscripts scattered to the winds. 
Dr. Priestley and his family barely escaped with their lives and 



philosophic habit of mind supported liim wonderfully, but ho 
never ceased to lament the loss of valuable manuscripts, in 
whicii were recorded the results of twenty years of labor and 
Study. 

Dnring three succeeding days the mob continued its work of 
destruction, almost uncheckeil by the municipal government. 
They directed their attacks airaiust tiie property and persona of 
Dissenters, and of those holding liberal political views; the 
houses of the estimable William Uutton, bookseller, of a poor 
Presbyterian parson Mr. Hobson, and the more costly mansions 
of Mr, Humphreys and Mr. William Bussel, a particular friend 
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of Dr. Priestley, were ])il1aged and bnrned to the ground. The 

members of thcLtinar Society, popularly known as "Lunatics," 
were the especial object of their hatred and zeal. Shouting: No 
philosophers — church and king forever!" they attacked Edg- 
baston Hall, the residence of I)r. Withering, but the timely 
arri?al of the light-horse terminated their wretched work of 
plunder. Some persons, to escape their fury, wrote: " Xo 
philosophers" on the fronts of their houses. Boulton and Watt 
were nut without apprehension of an attack, and placing arms iu 
the hands of their workmen, addressed them on the criminality 
of the riotous proceedings, and obtained their promise to defend 
the establishment. But Soho was spared the dreaded attack, 
owing to the fact, says Watt, that most of the Dissenters li?ed 
in another direction. 

As a sequel, some of the ringleaders were execnted, and the 
safferers were awarded partial compensation for their pecuniary 
losses. Priestley shook the dust of Birmingham off his feet, 
fled to London, and some three years later emigrated to the 
wild regions of the Sus4ueliauna in search of peace. 

It requires little play of the imagination to conjare np the ex- 
citing conditions of the first meeting of the Lunar Society after 
thesi' frightful disasters. We have found no record or even 
iiliiision to thiB oeoHsion, which called for all the philosophy the 
learned victims could muster. 

Dr. Priestley, while snfFering an enforced separation from the 
society of his fellow -philosophers, was not forgetful of them, 
and in 1703 lie de'licated his treatise, "Experiments on the 
(teneration of Air from Water,'' to his** valued friends, the 
members of the Lunar Society at Birmingham.'' In this dedi- 
cation, he says: ** There are few things I more regret, in con- 
sequence of my removal from Birmingham, than the loss of 
your society. It both encouraged and enlightened mc, so that 
what I did t here of a philosophical kind ought in justice to be at- 
tributed almost as much to you as to myself. From our cheerful 
meetings I nerer absented myself yolnntarily, and from my pleas- 
ing recollection t liey will never be absent. Should the cause of onr 
separation make it necessary fnr Tne to remove to a still greater 
distance from you, I .shall only think the more, and with the 
more regret, of our wast interviews." ** Philosophy," he adds, 
"engrossed us wholly. Politicians may think there are no ob- 
jects of any consequence besides those which immediately in- 
terest tliern. But oojects far superior to any of which they have 
any idea engaged our attention, and the discussion of them was 
accompanied with a satisfaction to which they are strangers. 
Hanpy would it be for the world if their pursuits were as trsa- 
quii, and their projects as innocent and as friendly to the 
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Itpst interesta of mankind as ours/' Finally, he conclntles by 
earnestly committing tliem ull, though in religious persuasion 
differioff from himself, ' to the protection and blesaiug of that 
Gmt Being wboM we are, and whom I tmst we all gerre, and 
who eetabliahed that coarse of nature which is the object of our 
common inypstigation." And then the Tvev. Doctor prays 
" with the greatest esteem and affection " for a happy reuaion 
with them all in another state of being. 

On another oooamon, Prieatley, writing to Watt, again ex 
preiaed his affection for the members of the society in graceful 
language. After thanking Watt and Bonltnn for the gift of a 
oopxinp- machine (invented by the former), the doctor adds: 
*'Tbis and many uther things will ever remind me of the obli- 

fstions I am under to yon, and the pleasing intercourse I baie 
ad with yon and all my friends of the Lunar Society. Such 
another I can never expect to see. Indeed, London cannot fur- 
nish it. 1 shall always think of yon at the usual times of your 
mueiing." (Letter of November2d, 1791.) 

Even after his settlement in Nortbnmherland, the doctor 
continaed to communicate his scientific observations to his 
, friends in the Lunar Society. On December 6th, 1795, writing 
to his friend the liev. Theophilus Lindsay, Priestley exjilains 
that he forwards througli Dr. Young a copy of a paper prei)ared 
for the Philosophical Society at Philadelphia, and says: Please 
to forward it to Mr. Galton the first convenient opportunity. 
It contains several new experiments, which must be thonglit of 
importance, especially with respect to the new French system 
with which, though universally adopted, I see more and more 
reason to be dissatisfied." This paper was entitled: " Experi- 
ments and Observations Relating to the Analysis of Atmo* 
spherical Air; also Further Experiments Relating to the Gen- 
eration of Air from Water,'' and was read to the Society 
February oth, 1796. 

Still later, we find evidence that the cordial friendship of 
Priestley with Bonlton and Watt seems to have been unbroken, 
except as distance prevented personal contact. In 1801. the 
firm sent Priestley a present of a ** noble furnace and other ap- 
paratus for making large quantities of air,'' and the doctor, in 
acknowledging the gift, wrote thus: " I send every good wish 
to yourselves and all the other members of the Luuar Society, 
the advantages of which I most feelingly fiud the want of." 
(Letter of October 17th, 1801.) 

The latest reference to the Lunar Society in Priestley's writ- 
ings is probably that in the introduction to his essay, entitled: 
"The Doctrine of Phlogiston Established and that of the Com- 
position of Water fiefuted," published at Northumberland in 



. 18 



1808. In this he commente on the almoit anireraal acceptance 
of the new theory of combustion, and sajs: " And now that Dr. 

-Crawford is dead, I hardly know of any person, except my 
friends of the Lunar Society of Birmingham, who adhere to the 

.doctrine of phlojgistou." 

Dr. Priestley is not the only one who records his attaehraent 

to this social organization and to its members iudiyidually. In 
his " Memoirs," Richard LoTell Edgworth writes: Our Sooioty 
combined "men of very different characters, but all devoted to 
literature and science. This mutual intimacy has never been 
broken bnt by death, nor hare any of the number failed to dis- 
tinguish themselves in science or' literature. Some may think 
tluit I ought, with due modesty, to except myself. Mr. Keir, 
with his knowledge of the world and good sense; Dr. Small, 
with his benevolence and profound sagacity; Wedgwood,' with 
his increasing industry, experimental Tariety, and calm Investi- 
gation; Boulton, with his mobility, quick perception, and bold 
adventure; Watt, with his stronginvontive faculty, undeviating 
BleadinetiS, and bold resources; Darwin, witli his imagination, 
science, and poetical excellence; and Day, with his unwearied 
research after trnth, his integrity and eloquence — proved alto- 
gether such a society as few men hiive had the good fortune to 
live with; such an assemblage of friends as fewer still have had 
the happiness to possess and keep through life." 

As the century drew towards its end, the Lunar Society 
gradually dissolved, its members dropping off one by one. 
Priestley had emigrated; Thomas Day was killed by a fall from 
his horse, in 1789; Dr. Withering died of a lingering consump- 
tion, in 1790;' Dr. Darwin was carried off by an attack of an- 
gina pectoris, in 1802; and the ever-welcome guest Josiah 
Wedgwood passed away in 1795; Capt. Keir, James Watt, and 
Boulton, the founder, were almost the only members surviving. 
The vacant scats remained unfilled and the meetings passed into 
history. The few lingering survivors found its iissociations too 
painful to be continued. But the inlluence exerted by the so- 
ciety did not die; it had stimulated inquiry and quickened the 
zeal for knowledge of all who had come within its influence, and 
this spirit il iff used and propagated itself in all directions. 
Leonard Uoruer, who visited Stmo in 1809, thus refers to the 
continued moral influence of the association: "The remnant 
of the Lunar Society," he says, ''and the fresh remembrance in 
others of the remarkable men who composed it, are very interest- 

* lfi«a Heteyard, th« biographer of Wedgwood, says he was not a 

member of the Lunar Society, imt a }:,'ueBt. 

^ During his long illness, his friends said: " The flower of physic ia 
withering." 
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iDg. The impression winch thej made is not yet worn out, but 
shows itself to the second rad third generation, in a spirit of 
scientific curiosity and free inqniry which even yet makes some 
.stand against Toryism and the love of gain.'' (Smiles.) 

Social gatherings of men having kindred intellectual interests 
imd pursuits have mauv advantages which are lacking in other 
organizations of a more formd character. Onr migratory 
American Assuciution has marked social aspects, but it brings 
together worlvcrs in science only once a year, rnvl ifs chief social 
advantages result from the acquaintances formed between the 
entertaining citizens and their scientific guests. Our New York 
Academy of Sciences, with its noble history, occunies a field of 
its own, and is the proper place for announcing discoveries in 
every department of learning, but the jvirlinmentary forms 
necessary to dignified in-oceedings forbid or iiamj)er the freest 
interchange of opinions and the fonuation of those personal 
friendships which a social organization like the Lunar Society 
so admirably fosters. 

One of the members of the Lunar Society, Ikichard Lovell 
Edgworth, perceived this difTercnce between the two classes of 
associations, and states the case in well chosen words. Alluding 
to the Lnnar Society in his ''Memoirs,'* he writes: 

A society of literary men and a literary society may be Tery 
different. In the one, men give the results of their serious 
rescarclics tmd detail their deliberate thoughts: in the other, the 
first hints of discoveries, the current observations, and the 
mutual collision of ideas are of important utility. The knowl* 
edge of each member of such a society becomes in time dissemi« 
natcd among the whole liody, and a certain esprif du corps, 
uncoiitauiinated with jealousy, in gome degree combines the 
talents of members to forward the views of a single person.*" 

' In preparing this sketch we have made free use of ihe following 
works: 

Huirhead'e ** Life of James Watt,** London, 18S8. 

Muirhead's " Mechanical Invention" r.f "Walt," London, 1854* 
iSiuiles' "Lives of Boulton and Watt," London, 1»04. 
Krause's "Erasmus Darwin," London, 1879, 
E(lj;uoi til's "Memoirs." London, 1820, 2 vols. 

iiroughuin'g " PhilosopherB ol the Time of Georee IIL," London, 1855. 

Rutt*B " Life and Correspondence of Priestley," London, 1883. 3 toU. 

Jewett's " Lif-" of Williain Hutton." London, ii. <]. 

"Life of Mary Ann Scliiinmel renninck," by lurself. London, 1669. 

Meteyard's ' Life of Wedgwood,'* London, 1865. J vols. 

Meteyard's "Group of Englishmen," Xx>ndon, 187L 

As well as of: — 

Forty-one unpublished letters from Priestley to "Wedgwood, loaned to 
the writer by Mn* Robert A. Wainewrigbt;, granddaughter of the great 
chemist. 
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It is with such thoughts as these that I have ventured to call 
together this dietinguithed company, snd to propose tlie per- 
petuation of the memory of the historic iety of Birmiiigham 
by foiintlini: in tlie metropolis of the New World jinother Lunar 
Society having similar aims and methods. The original orgaui- 
zatioD has long passed into history; but will not the meetings 
on this side of tho Atlantic be enlightened hj the same moon 
that shone on the festive philosophers of Birmingham ft 



